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Executive Summary 

Improving adolescent literacy is a critical step toward improving adolescent academic 
achievement (Kamil , Borman, Dole, Kral, Salinger, & Torgesen, 2008). “Adolescent literacy” 
commonly refers to the skills that students in Grades 4–12 need in order to successfully learn by 
reading, as opposed to learning how to read, which is emphasized in earlier grades (Kamil, 2003; 
Kamil et al., 2008; National Governors Association, 2005). Recent policy reports emphasize the 
need to build students’ reading vocabulary and comprehension skills to meet the increased 
literacy demands that begin in Grade 4 (Carnegie Council on Advancing Adolescent Literacy, 
2010; Meltzer, Smith, & Clark, 2001). Experts who drafted the Common Core State Standards 
for English Language Arts have emphasized that students must show a steadily increasing ability 
to discern more from text to become successful readers (National Governors Association & 
Council of Chief State School Officers, 2010). The current study evaluates an intervention 
(Thinking Reader®) designed to improve middle school students’ reading vocabulary and 
comprehension (Tom Snyder Productions, 2006a). It responds to an interest expressed by 
stakeholders to the Regional Educational Laboratory Northeast and Islands in improving literacy 
outcomes for students beyond elementary school. 

Thinking Reader is a software program for students in Grades 5–8 that incorporates elements 
commonly identified in policy reports as being key components of effective adolescent literacy 
instruction. These reports prioritize elements such as instruction in comprehension strategies 
(Biancarosa & Snow, 2004; Carnegie Council on Advancing Adolescent Literacy, 2010; Meltzer 
et al., 2001); attention to motivation and self-directed learning (Biancarosa & Snow, 2004; 
Meltzer et al., 2001; National Council of Teachers of English, 2006); ongoing formative 
assessment (Biancarosa & Snow, 2004; Carnegie Council on Advancing Adolescent Literacy, 
2010; National Council of Teachers of English, 2006); and inclusion of technology as an 
instructional tool (Biancarosa & Snow, 2004; Kamil, 2003; National Council of Teachers of 
English, 2006). 

When using Thinking Reader, students read novels on computers and respond to prompts. The 
software aims to teach students to use comprehension strategies through a reciprocal teaching 
approach in which the strategies are taught while the teacher and students explore the meaning of 
text (Palincsar & Brown, 1984). Students’ progress is assessed regularly. Thinking Reader also 
aims to motivate students to read and to make self-directed use of strategies. The software has a 
limited but positive evidence base, including statistically significant findings of one quasi-
experimental study (Dalton, Pisha, Eagleton, Coyne, & Deysher, 2002) and empirical evidence 
supporting instruction on comprehension strategy use (for example, RAND Reading Study 
Group, 2002), particularly on strategy instruction through reciprocal teaching approaches (for 
example, Rosenshine & Meister, 1994). The current study is the first rigorous, randomized 
controlled trial on the program. 

Research Questions and Measures 

This evaluation of the impact of Thinking Reader use by Grade 6 students focused on two 
confirmatory research questions about the effect of the program on two measures of students’ 
reading achievement: 
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1.	 What is the effect of Thinking Reader on students’ reading vocabulary? 

2.	 What is the effect of Thinking Reader on students’ reading comprehension? 

A statistically significant impact on either outcome measure would signal the program’s success.  

The study also examined whether Thinking Reader has an effect on two ancillary, but important, 
measures of students’ approaches to reading: 

1.	 What is the effect of Thinking Reader on students’ use of reading comprehension 

strategies? 


2.	 What is the effect of Thinking Reader on students’ motivation to read? 

The answers to these questions provide information that may be useful to educators who see 
these factors as being important precursors or supplements to improved achievement. But 
without a direct, measurable effect on reading achievement itself (vocabulary, comprehension), 
such effects would be insufficient to judge the program’s effectiveness. 

The vocabulary and reading comprehension subtests of the Gates-MacGinitie Reading Tests 
(GMRT) (MacGinitie, MacGinitie, Maria, Dreyer, & Hughes, 1999) served as the achievement 
measures for the primary research questions. Two self-report student surveys—the 
Metacognitive Awareness of Reading Strategies Inventory (MARSI; Mokhtari & Reichard, 
2002) and the Motivation for Reading Questionnaire (MRQ; Wigfield & Guthrie, 1997)—served 
as the measures for the ancillary research questions. Each was collected as both a pretest fall 
baseline measure before the start of the intervention and as a posttest spring outcome measure. 

This study also addressed four exploratory research questions. These questions investigate 
whether the impact of the Thinking Reader intervention on students’ reading achievement varied 
across subgroups of students formed on the basis of baseline reading vocabulary, baseline 
reading comprehension, and baseline motivation to read measures: 

1.	 Does the effect of Thinking Reader on students’ reading vocabulary vary according to 
their baseline reading vocabulary scores? 

2.	 Does the effect of Thinking Reader on students’ reading comprehension vary according 
to their baseline reading comprehension scores? 

3.	 Does the effect of Thinking Reader on students’ reading vocabulary vary according to 
their baseline reading motivation scores? 

4.	 Does the effect of Thinking Reader on students’ reading comprehension vary according 
to their baseline reading motivation scores? 

The outcomes of interest for these exploratory research questions are the vocabulary and 
comprehension subtests of the GMRT that served as the achievement measures for the primary 
research questions. 
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These exploratory research questions were selected because the Thinking Reader program is 
intended to provide differentiated support to students with different skill levels. Specific features 
of the program are intended to help teachers monitor progress and facilitate teachers’ 
individualization of instruction based on students’ demonstrated performance. Exploratory 
Research Questions 1 and 2 are important empirical questions because the literature contains 
very limited evidence to indicate whether an intervention like Thinking Reader might be more or 
less beneficial for students with lower or higher baseline achievement scores. Exploratory 
Research Questions 3 and 4 were selected because, although an interactive software program 
could be motivating for adolescent readers, rigorous evidence does not exist to indicate whether 
an intervention like Thinking Reader might be more or less beneficial for students with lower or 
higher self-reported baseline motivation levels. 

To support the exploratory analyses, we partitioned students’ baseline achievement scores into 
subgroups. The sample was divided into three groups representing the lowest, middle, and 
highest achieving tertiles. Tertiles2 were used instead of the continuous score distribution in 
order to allow the analysis to demonstrate a possible non-linear effect of the treatment across the 
baseline achievement score distribution. The intervention could be ineffective for the majority of 
students, which could drive the results demonstrated for the sample as a whole, but results from 
the tertiles may be able to detect a non-zero effect on a particular, smaller subgroup of students.  

The study collected student, teacher, and school data as covariates for the analyses and collected 
data from classroom observations and electronic report data from Thinking Reader to help 
understand program implementation. Student data included age, gender, and ethnicity, as well as 
English language learner and special education status. Teacher data included information about 
years of teaching experience, educational attainment, and certifications or endorsements held. 
School data included type of school (elementary or middle school), state, enrollment size, and 
the poverty level and ethnicity of students. For a subset of classrooms, structured observations in 
the winter and spring in one intervention and one control classroom at each school provided 
descriptive information about instruction. To examine fidelity of implementation, electronic 
report data were collected from the Thinking Reader program at the end of the year. These data 
provided information about students’ exposure to the software (such as number of books started 
and completed, total number of minutes using the software, and number of weeks spent on each 
book), as well as students’ program levels. 

Description of Thinking Reader 

Students using Thinking Reader read novels on computers and respond to prompts that support a 
range of strategies for understanding text. Users can choose from nine novels with a range of 
difficulty appropriate for middle school readers.3 Development of the program by the Center for 

2 Tertiles were used rather than quartiles or quintiles to avoid having cells with very small sample sizes. The original 
power analysis was not calculated to accommodate dividing the sample into subgroups. 
3 Software licenses for Thinking Reader are available for individual computers, for bundles of 10 licenses, and as an 
unlimited site license. Discounts are given on orders for multiple Thinking Reader novels and for multiple schools 
within a district. As of spring 2010, prices per novel ranged from $250 to $2,200, depending on the type of license 
and number of different novels ordered. Participating schools received unlimited site licenses, at no cost, for three 
Thinking Reader titles during the study year and an additional fourth title for the subsequent year. 

3 




Applied Special Technology (CAST) began in 2002, and marketing of the program by Tom 
Snyder Productions/Scholastic began in 2004.4 

The program was designed to embody reciprocal teaching (Brown & Palincsar, 1985; Palincsar, 
1982; Palincsar & Brown, 1984), part of a pedagogical approach for explicitly teaching students 
cognitive strategies to help them understand text. Reciprocal teaching guides students in 
applying four concrete strategies for comprehending text—summarizing, questioning, clarifying, 
and predicting. In summarizing, students explain important information from a piece of text. 
Questioning involves querying a concept in the text to identify key information. Clarifying 
teaches students to question concepts or words that are unclear. Predicting involves using what is 
known from the story to hypothesize what will happen next.  

In addition to these four strategies, Thinking Reader also uses three others—visualizing, feeling, 
and reflecting. Visualizing instructs readers to create mental images of what they are reading. 
Feeling aims to connect students emotionally with what they are reading. Reflecting asks 
students to monitor their progress as readers. Although the last three strategies are not formally 
part of reciprocal teaching, the Thinking Reader program uses the reciprocal teaching approach 
to teach all seven strategies. 

In reciprocal teaching, teachers model specific comprehension strategies and support students’ 
efforts to recall and employ those strategies in their reading. Teachers and students engage in an 
instructional dialogue about text in which teachers initially lead—demonstrating, modeling, and 
providing feedback about strategy use. As students become more competent using the strategies, 
teachers decrease their modeling and students increasingly apply the strategies on their own. In 
Thinking Reader, animated coaches and peers on the computer act as instructors, modeling the 
seven comprehension strategies and prompting students to use them.  

Thinking Reader allows for individualization of instruction. Teachers can customize the amount 
of support to each student by choosing among five levels. The leveling system varies the 
representation of the strategy task, students’ response options, and the availability of the 
animated coaches. Students can progress from responding to highly structured strategy prompts 
(Level 1) to independently selecting their own strategies (Level 5).  

Teachers are encouraged to use Thinking Reader in a three-phase instructional routine. In the 
first phase, teachers introduce the program offline through activities, such as modeling a strategy 
or asking for a summary from the previous session. In the second phase, students read the 
Thinking Reader novel on the computer while the teacher observes, reviews the computer work, 
and conducts conferences with students about the quality of responses. The third phase involves 
additional offline teacher–student interaction, discussing the book or completing an activity to 
illustrate understanding. 

4 According to Tom Snyder Productions, prior to the start of the study, Thinking Reader was being used at 
approximately 760 schools in 46 states by 67,000 students. These figures are estimates based on the number of 
software licenses sold. 
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Recruitment, Statistical Power, and Study Conditions 

High-need schools were targeted for the study because of the link between high economic need 
and low reading achievement (National Center for Education Statistics, 2009a). Recruitment was 
limited to schools with more than 33% of students eligible for free or reduced-price lunch (high-
poverty schools). A total of 92 teachers participated from 32 elementary and middle schools in 
16 districts in Connecticut, Massachusetts, and Rhode Island. With a sample size of 2,407 
students and assumptions about the correlation between pretest and posttest scores, the study has 
the statistical power to detect an effect size of 0.19–0.24 standard deviations.  

In each school, Grade 6 reading/English language arts teachers were randomly assigned to 
intervention and control groups after students had been scheduled into classes using the typical 
school procedures. The random assignment produced two groups that did not have statistically 
significant differences in teacher characteristics—including education, certification, and 
experience—or in student achievement measures of reading vocabulary and comprehension and 
self-report measures of comprehension strategy use and motivation for reading. 

Intervention teachers received three Thinking Reader digital novels to read with their students 
during the 2008–09 academic year. Teachers were asked to participate in professional 
development (two, 6-hour group sessions and three individual coaching sessions totaling 7.5–8.5 
hours) to learn the software and how to use the three-phase instructional routine. They were 
asked to incorporate Thinking Reader into their regular English language arts or reading 
instruction, which was to last 110–165 minutes a week during the time a novel was being 
covered. Each novel was to take 4–6 weeks to complete, with two additional class sessions for a 
culminating activity. Trainers suggested that one novel be covered in the fall, one in the winter, 
and one in the spring—with potential weeks off, as needed or desired, between novels. 

Control teachers used each school’s regular curriculum (business as usual). Students in these 
classrooms engaged in their usual reading/English language arts curriculum and instructional 
program (e.g., reading short stories, newspaper and magazine articles, and novels).  

Analysis and Results 

The final analysis included 90 teachers and a minimum of 2,140 students (89% of the overall 
baseline sample, 90% of the intervention group, and 88% of the control group). A three-level 
model of students nested within teachers nested within schools was used to estimate impact. To 
improve the precision of impact estimates, covariates at Level 1 included students’ pretest 
scores, English language learner status, and special education status; at Level 2 included teacher 
education and years of teaching experience; and at Level 3 included school poverty and school 
size. The analysis also explored whether the intervention effect varied for each outcome or was 
homogeneous across schools. Sensitivity analyses were conducted to test the robustness of the 
results under different scenarios. 

The impact results for the primary research questions indicate that Thinking Reader was no more 
effective than business as usual in improving students’ reading vocabulary (effect size of –0.04) 
or reading comprehension (effect size of 0.03). Results for the ancillary research questions 
indicate that Thinking Reader was also no more effective than business as usual in improving 



students’ use of reading comprehension strategies (effect size of 0.03) or their motivation to read 
(effect size of –0.03). None of these results are statistically significant. Sensitivity analyses found 
no changes in the direction or magnitude of the intervention effects. 

The data from the classroom observations—conducted twice for each classroom in a subset of 
classrooms—showed statistically significant differences between the intervention and control 
conditions on 47 of 57 measured classroom variables, indicating a contrast in the nature of 
instruction between the intervention and control groups during observations.  

Data from the program’s electronic records showed that students used the Thinking Reader 
program for considerably fewer minutes per week on average—60 minutes (Book 1), 56 minutes 
(Book 2), and 42 minutes (Book 3)—than the recommended 110–165 minutes. The average 
number of weeks per book—8.3 (Book 1), 7.1 (Book 2), and 1.7 (Book 3)—also differed from 
the recommendation (4–6 weeks). Book completion fell off from the first to the third book, from 
74% for Book 1, to 53% for Book 2, to 9% for Book 3. Thus the software was not always used as 
prescribed by the developers and modeled in the professional development for intervention 
teachers. 

With regard to the exploratory research questions detailed in Chapter 5, we investigated whether 
the impact of Thinking Reader on student outcomes was different for students with different 
baseline achievement scores or baseline motivation to read, and whether or not impacts for each 
tertiles were statistically different from zero. The multilevel results revealed that the Thinking 
Reader program had no statistically significant effects on any of the subgroups formed from 
baseline scores. In other words, these results confirmed the impact findings. Exploratory findings 
suggest that there is no strong evidence supporting the hypotheses that the Thinking Reader 
program might have differential impact effects on students from different achievement and 
motivation to read subgroups. 

Eleven out of 12 interactions tested across the four exploratory research questions were not 
statistically significant. For the reading comprehension outcome, we found one statistically 
significant interaction (5.77, p =.03). This interaction resulted from the fact that in the lowest 
tertile, intervention students performed 2.15 points higher than control students while in the 
middle tertile, control students outperformed intervention students by 3.61 points.  

However, this statistically significant interaction is difficult to interpret because this finding was 
not replicated on any other contrast or outcome. Due to the large number of post hoc analyses 
involved in the exploratory analyses, this statistically significant interaction may be due to 
chance. Furthermore, when we tested whether the impact effect of the intervention was different 
from zero in each tertile, we found that the Thinking Reader program had no statistically 
significant effects for any of the baseline achievement or motivation to read tertiles. 

Conclusions 

This study was the first randomized controlled trial of Thinking Reader. The study maintained 
the integrity of the randomization throughout. The lack of statistically significant positive effects 
contrasts with the findings of a quasi-experimental study by Dalton et al. (2002). The intent-to­
treat analytical approach, which analyzes participants on the basis of how they are randomly 
assigned, yielded unbiased estimates of program effectiveness as implemented. Program impact 
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should be interpreted as the effect of being assigned to the intervention condition, not necessarily 
of actually receiving the intervention (Shadish, Cook, & Campbell, 2002). Implementation data 
show that actual take up of the intervention in the way the developer intended was low. The fact 
that dosage and usage varied from the developers’ recommendations reflects the choices that 
practitioners make and the challenges they face when implementing an instructional program. 
The study is limited in that it was not designed to collect more in-depth information on 
implementation. 

The results reported here apply to the implementation of the Thinking Reader software after 
modest professional development, used as a partial substitute for the regular Grade 6 curriculum 
in a whole-group setting—just one of the ways in which the program can be implemented. Use 
of a volunteer sample limits the findings to the schools, teachers, and students that participated in 
the study in Connecticut, Massachusetts, and Rhode Island.  



Chapter 1. 

Introduction and Study Overview 


Improving adolescent literacy is a critical step in improving adolescent academic achievement 
(Kamil et al., 2008). “Adolescent literacy” commonly refers to the skills that students in Grades 
4–12 need in order to successfully learn by reading, as opposed to learning how to read, which is 
emphasized in earlier grades (Kamil, 2003; Kamil et al., 2008; National Governors Association, 
2005). Recent policy reports emphasize the need to build students’ reading vocabulary and 
comprehension skills to meet the increased literacy demands that begin in Grade 4 (for example, 
Carnegie Council on Advancing Adolescent Literacy, 2010; Meltzer, Smith, & Clark, 2001). 
Experts drafting the Common Core Standards for English Language Arts emphasize that students 
must show a steadily increasing ability to discern more from text to become successful readers 
(National Governors Association & Council of Chief State School Officers, 2010).  

On the 2009 National Assessment of Educational Progress (NAEP), 68% of Grade 8 students 
read below the proficient level—84% among low-income students (National Center for 
Education Statistics, 2009a). The three states in the Northeast Region that participated in the 
current study (Connecticut, Massachusetts, and Rhode Island) reflect this national problem 
(National Center for Education Statistics, 2009a; Table 1.1). 

Table 1.1 Percentage of Students Testing Below the Proficient Level on the 2009 National Assessment of Educational 
Progress Grade 8 Reading Assessment and Percentage Eligible for Free or Reduced-Price Lunch in Connecticut, 
Massachusetts, Rhode Island, and Nationally 

State Below proficient on NAEP—Overalla Eligible for free or reduced-price lunch 

Connecticut 58 82 

Massachusetts 57 81 

Rhode Island 72 86 

National 68 84 
aThe number of students assessed (rounded to the nearest hundred by the source) was 2,900 in Connecticut, 4,000 in Massachusetts, 2,800 

in Rhode Island, and 169,100 nationally. NAEP uses weighted sampling to generalize findings to the larger population.

Source: National Center for Education Statistics (2009a); National Center for Education Statistics (2009b).


Difficulties with comprehension and self-monitoring of understanding are common among 
middle and high school readers (RAND Reading Study Group, 2002). Because of these 
comprehension problems, many students struggle to learn from advanced texts and may 
disengage from reading (National Governors Association, 2005; RAND Reading Study Group, 
2002). Certain teaching and learning approaches have been shown empirically to improve middle 
and high school students’ reading achievement, including direct teaching of vocabulary and 
teaching a combination of comprehension strategies (Kamil, 2003). The current evaluation 
examines the effectiveness of Thinking Reader®, which uses a software program to directly teach 
vocabulary and evidence-based reading comprehension strategies, supported by specific teacher 
practices (Tom Snyder Productions 2006a, b). 

The evaluation was conducted by Regional Educational Laboratory Northeast and Islands (REL- 
NEI) partners: the American Institutes for Research® (AIR®), the Center for Applied Special 
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Technology (CAST), Tom Snyder Productions®, and Sun Associates. AIR led the evaluation— 
recruiting schools, testing students, and analyzing data. Staff from CAST, a nonprofit research 
and development organization and developer of Thinking Reader, oversaw implementation and 
conducted teacher training along with staff from Tom Snyder Productions, the software 
distributor. To minimize a potential source of bias, the developer and distributor were not 
involved in random assignment, data collection, or data analysis; CAST staff served as 
instructional coaches, and Tom Snyder Productions provided the software and technical support. 
Sun Associates, an education evaluation organization, conducted classroom observations. 

Description of Thinking Reader 

Key features. Thinking Reader is a software program for improving the reading vocabulary and 
comprehension of students in Grades 5–8. CAST began developing the program in 2002, and 
Tom Snyder Productions/Scholastic began marketing it in 2004. With Thinking Reader, students 
read novels on computers and respond to prompts that support seven comprehension strategies 
(explained in detail below). Thinking Reader offers a choice of nine novels with a range of 
difficulty appropriate for middle school readers.5 

The program embodies an approach to reading instruction known as reciprocal teaching 
(Palincsar, 1982; Palincsar & Brown, 1984; Brown & Palincsar, 1985), which requires teachers 
to model comprehension strategies and support students’ efforts to recall and employ those 
strategies in their reading. In Thinking Reader, animated coaches and peers play the instructional 
role, modeling the seven comprehension strategies and prompting students to use them at 
appropriate points in the text. 

Teachers are expected to play an active role—monitoring and individualizing instruction, 
assessing students’ progress, and customizing the support provided to each student. The program 
has five levels of support, which vary the representation of the strategy prompt, students’ 
response options, and the availability of the animated coaches. Students can progress from 
responding to highly structured strategy prompts (Level 1) to independently selecting strategies 
(Level 5). According to the distributor, when the program is used at lower levels, supports focus 
mostly on helping students understand text using direct hints on to how to answer prompts (e.g., 
sentence starters). Higher levels focus more generally on how to use and apply comprehension 
strategies and include more questions requiring open-ended responses (Tom Snyder Productions, 
2006). Representative screenshots are presented in Appendix A (see Exhibits A.1–A.7). 
According to the distributor, teachers are expected to adjust the level of support to individualize 
instruction for each student based on their progress and development. As students gain more 
skills and confidence as readers, they should become more independent and use the program 
supports less (Tom Snyder Productions, 2006). 

Teachers are encouraged to use Thinking Reader in a three-phase instructional routine based on 
the developer’s guidelines and commonly recommended reading pedagogy of before, during, and 

5 Participating schools received unlimited site licenses for four Thinking Reader titles at no cost. For reference, the 
following price information, as of spring 2010, was provided by the distributor: Prices per novel range from $250 to 
$2,200, depending on the type of license and number of different novels ordered. Licenses for Thinking Reader are 
available for individual computers, for bundles of 10 licenses, and as an unlimited site license. Discounts are given 
on orders for multiple Thinking Reader novels and for multiple schools within a district. 
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after readding activitiees (Duke & PPearson, 20002). The rouutine calls forr the teacherr to introducee the 
program offline throuugh activitiees, such as mmodeling a strrategy or askking for a suummary fromm the 
previous session. In tthe second pphase, studennts read the TThinking Reaader novel oon the compuuter 
while thee teacher obsserves them, reviews theeir work, andd meets withh students about the qualiity of 
their respponses. The tthird phase iinvolves addditional offlinne teacher–sstudent interaction, 
discussinng the book oor completinng an activityy to illustratee understandding. 

Figure 1..1 is a logic mmodel that ddepicts how tthe Thinkingg Reader proogram of insttruction—a 
combinattion of softwware use and supporting teacher pracctices—is inttended to immprove studennt 
outcomess. Supporting teacher praactices incluude student–tteacher confferencing, coomprehensioon 
strategy iinstruction, aand implemeenting the thhree-phase innstructional rroutine. Thee Thinking 
Reader pprogram of innstruction is intended to improve twwo related meeasures of stuudents’ readding 
achievemment: studentts’ reading vvocabulary aand compreh ension skillss. In additionn, the prograam is 
intended to directly i ncrease studdents’ knowlledge and usse of seven reeading compprehension 
strategiess (described in detail bellow) and inccrease studennts’ motivatiion to read. TThe two anciillary 
outcomess, use of readding compreehension straategies and mmotivation too read, may also be 
importannt precursors or supplemeents to impr oved readingg outcomes iin vocabularry and 
compreh ension. 

Figure 1.1 Logic Moddel for Thinkiing Reader SSoftware Program 

Source: Studdy team compilati on. 

Additionnal componenents. Engageed readers have been desscribed as reeaders who aare motivatedd to 
read and are socially interactive iin their apprroach to readding (Guthriee & Wigfieldd, 2000). Thhe 
influentiaal policy repport Readingg Next identiffied motivatiion and self--directed leaarning as beinng 
importannt to adolesceent reading aachievementt (Biancarosaa & Snow, 22004). Thinkking Reader aaims 
to addresss engagement, motivatioon, and self--directed learrning in at leeast four wayys. First, 
scaffoldinng supports in the program alter the level of chaallenge for sttudents, provviding studennts 
with choiices and conntrol over acccess to supports and optiions for their response. SSecond, self-­
assessmeent allows stuudents to refflect on theirr progress annd set goals. Third, the pprogram sets up 
students to interact wwith one anotther around a text. Thinkking Reader is intended tto be integraated 
with classsroom discuussion and peeer interactioon. Last, thee novels in ThThinking Reader are seleccted 
to be agee appropriatee to middle sschool studennts and relevvant to their real-life expperiences. 
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Thinking Reader has features that can be tailored to match a set of principles called universal 
design for learning. Although this set of principles has not been rigorously tested, it is based on 
the premise that teachers should individualize instruction and use a flexible learning environment 
to meet students’ needs (Rose & Meyer, 2002). In addition to the levels of support, Thinking 
Reader incorporates ways to adjust the text size, text contrast, and screen color; a text-to-speech 
tool so text can be read aloud; a highlighter function to track text as it is read aloud; the option of 
a human recorded narration or a synthetic voice whose speed and pitch can be adjusted; and an 
option for recording rather than typing answers.  

Literature Review 

Evidence base for Thinking Reader. The research relevant to this evaluation includes one 
rigorous study on the Thinking Reader program (Dalton, Pisha, Eagleton, Coyne, & Deysher, 
2002) and studies that examined the effectiveness of the approaches to reading instruction used 
by Thinking Reader (e.g., Deno, 2003; Gambrell & Jawitz, 1993; Palincsar & Brown, 1984; 
Rosenshine, Meister, & Chapman, 1996; What Works Clearinghouse, 2010). A review of this 
body of knowledge showed enough positive (if not always highly rigorous) evidence to warrant 
an evaluation of the Thinking Reader software with a randomized controlled trial design. 

The direct evidence base for Thinking Reader is limited. The current study is the first 
randomized field trial to test its effectiveness. A previous quasi-experimental study evaluated a 
pilot version of the software among a sample of 102 struggling middle school readers (average 
age, 12.5 years). After controlling for pretest scores on reading vocabulary and comprehension, 
the study found that students in the Thinking Reader intervention demonstrated significantly 
greater gains in comprehension than the comparison group on the Gates-MacGinitie Reading 
Tests (GMRT) (MacGinitie, MacGinitie, Maria, Dreyer, & Hughes, 1999; Dalton et al., 2002). 
The effect size was 0.29, approximately half a grade level of reading achievement gain.  

That evaluation differed from the current work in several ways. First, a program of traditional 
(i.e., noncomputer-based) reciprocal teaching methods was delivered to the control group.6 

Second, because the software was a pilot program, it had fewer features—less scaffolding and 
fewer assessments. Finally, the analysis focused only on struggling readers who had performed 
at the 25th percentile or lower on the pretest. In that study, 80% of the students were in special 
education and 79% of the teachers taught the intervention in a special education class of 12–14 
students (B. Dalton, personal communication, December 7, 2009)—a smaller setting than 83% of 
the classes in the current study. 

Evidence base for instructional features used by Thinking Reader. Evaluating Thinking 
Reader in an experimental study is warranted based on the statistically significant findings of one 
quasi-experimental study of the program and its use of strategies and instructional approaches 
with empirical evidence. In addition, the high priority given to improving adolescent literacy by 
stakeholders in the northeast states when the REL-NEI study was in its start-up phase and the 
call for more research on educational technology in general (Moran, Ferdig, Pearson, Wardrop, 
& Blomeyer, 2008) also warranted conducting a randomized controlled trial on Thinking Reader. 

6 This was a deliberate decision to make the intervention and control conditions as comparable as possible so that the 
main difference between the groups was whether Thinking Reader was used. 
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Comprehension strategies. Thinking Reader aims to teach comprehension strategies through 
reciprocal teaching (developed by Palincsar 1982; also Brown & Palincsar, 1985; Palincsar & 
Brown, 1984), which involves guided practice in applying four strategies to reading 
comprehension—summarizing, questioning, clarifying, and predicting. In an instructional 
dialogue about text between a teacher and students, the teacher initially takes the lead— 
demonstrating, modeling, and providing feedback on strategy use. As students gain competence 
in using the strategies, the teacher does less modeling and students apply the strategies on their 
own (Au & Raphael, 1998; Duke & Pearson, 2002; Pearson & Gallagher, 1983). With scaffolded 
learning, the teacher adjusts instruction to meet the needs of the student based on the demands of 
the task, gradually releasing responsibility to the student (Vygotsky, 1978; Wood, Bruner, & 
Ross, 1976). As McKenna (1998) suggests, this type of guidance and scaffolding customized to 
the student can be offered by talking book computer software. 

Rigorous studies indicate that reciprocal teaching strategies can show positive results for reading 
(Brown & Palincsar, 1989; Palincsar & Brown, 1984, 1989; Rosenshine & Meister, 1994; What 
Works Clearinghouse, 2010). In two early experiments using groups of students randomly 
assigned to a reciprocal teaching condition or a control condition, Palincsar and Brown (1984) 
reported that students receiving reciprocal teaching strategy instruction showed statistically 
significant positive effects on comprehension scores on daily assessments. Research syntheses 
have shown mixed results for the strategies. In a meta-analysis of experimental or quasi-
experimental studies examining the effect of reciprocal teaching, Rosenshine and Meister (1994) 
found an average effect size of 0.20 (range: −0.55 to 0.77) using standardized tests of reading 
comprehension as outcome measures. The What Works Clearinghouse (2010) reviewed six 
studies on reciprocal teaching and found mixed results for comprehension outcomes. Across the 
studies, participants included 316 students from Grades 4 to 12 who experienced reciprocal 
teaching interventions at their schools for periods of time ranging from 6 to 30 days of 
intervention. The group of studies included both teacher- and researcher-implemented sessions. 
The What Works Clearinghouse rated reciprocal teaching with improvement indices in 
comprehension from −23 to 42 percentile points, with an average of 6 percentile points. 

Thinking Reader expands on the reciprocal teaching approach by providing guided practice in 
seven reading comprehension strategies (Table 1.2). The first four are the strategies commonly 
used in reciprocal teaching. In summarizing, students explain information gleaned from a piece 
of text. Questioning involves identifying key information about a concept in the text by asking 
questions. Clarifying involves asking about concepts or words that are unclear. Predicting entails 
using what is known from the story to hypothesize what will happen next. The three additional 
strategies are visualizing, feeling, and reflecting. Visualizing involves instructing students to 
create mental images of what they are reading. The feeling strategy aims to connect students 
emotionally with what they are reading. The reflecting strategy involves students in monitoring 
or reflecting on their progress as readers, helping them to become more strategic and efficient in 
their approach to reading. 

The reciprocal teaching literature generally looks at the four strategies applied in combination; 
however, two of the strategies—summarizing and questioning—have been studied individually. 
The National Reading Panel (National Institute of Child Health and Human Development, 2000) 
conducted a comprehensive review of experimental and quasi-experimental reading-related 
studies. Eighteen studies examined summarizing, 72% of them for students in Grades 5 and 6. Of 
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the 18 studies, 11 reported positive effects on the quality of written summaries, with improved 
recall and question answering. Only two studies looked at effects on standardized tests. Overall, 
the comprehensive review concluded that the summarization strategy led to improvement in 
students’ memory for text and their ability to identify main ideas. The questioning strategy had 
the strongest body of evidence, with 27 studies, in the National Reading Panel report. Reporting 
on 26 of these studies (conducted in Grade 3 through college) in a meta-analysis of quasi-
experimental and randomized controlled trial studies, Rosenshine , Meister, and Chapman (1996) 
found that 17 studies used questioning as the single intervention.7 Of those, 7 used a standardized 
outcome measure (mean effect size of 0.25, with a range of –0.25 to 0.70); 11 used a research-
specific outcome measure (mean effect size of 0.79, with a range of 0.00 to 1.37). Thus, 
summarizing and questioning have more evidence of transfer to researcher-generated tests (near 
transfer) than to standardized tests (far transfer). Clarifying and predicting have not been studied 
rigorously in isolation. 

No rigorous studies have examined the feeling or reflecting strategies. However, Rosenblatt 
(1994) theorized, for example, that if students think about how they are feeling about a story, its 
characters, and the plot, they will be more engaged. The National Reading Panel (National 
Institute of Child Health and Human Development, 2000) reported on seven experimental studies 
(for Grades 2–8) that examined visualizing and concluded that it can help students improve their 
memory for the text. Joffe, Cain, and Marić (2007) theorized that making a mental image of what 
is read can help with memory because information is being encoded into two separate mental 
systems: one verbal and one non-verbal. Studies have shown that, after being trained to create 
mental pictures while reading, students in intervention groups outperform those in control groups 
on story-related questions (Gambrell & Jawitz, 1993; Oakhill & Patel, 1991; Pressley, 1976). 

Table 1.2 Key Reading Comprehension Strategies Used in Thinking Reader 

Strategy Definition Purpose General example 
Thinking Reader 

example 

Summarizing

Questioning 

Clarifying 

 Students retell the 
main points of what 
they have read.  

Students pose a 
question about 
something that is 
important to learn 
and remember from 
what they have read. 
Students ask about 
something they do 
not understand in 
what they have read. 

 Helps students 
remember and 
understand what 
they are reading. 

 Requires students 
to identify key 
information. 

 Helps students 
resolve confusion. 

After students read a 
book, the teacher asks 
them to write a short 
summary. 
While reading a book 
as a class, students are 
asked to write questions 
about important parts of 
the chapter and then to 
answer the questions.  
While reading a book 
as a class, students ask 
questions about 
something that is 
confusing. 

The software prompts 
students to select the 
best summary. 

The software prompts 
students to select the 
most important question 
from a list and then to 
answer it. 

The software asks 
students to identify 
something that is 
confusing in the text. 

7 Nine studies used questioning in the context of an intervention that used two or four of the reciprocal teaching 
strategies. 
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Strategy Definition Purpose General example 
Thinking Reader 

example 
Predicting	

Visualizing

Feeling

Reflecting

Students use what 
they have read to 
predict what will 
happen next in the 
novel.

 Students use the 
information they 
have read to create a 
picture in their 
minds.  

 Students make 
explicit their 
feelings about the 
story, a character, or 
the plot. 

 Students track their 
progress as a reader, 
monitoring their 
comprehension.

 Helps students 
analyze text 
content. 

 Gives students a 
way to remember 
what they read. 

 Helps students 
connect with the 
text.  

 Helps students 
decide which 
reading strategies 
work for them and 
why. 

After reading a few 
chapters, students are 
asked to predict what 
will happen next in the 
novel. 
After reading a chapter, 
students are asked to 
create a mental picture 
of a key occurrence in 
the chapter. 

The teacher asks 
students to describe 
how they feel about a 
particular event in the 
story. 

Teachers ask students 
to write self-evaluations 
of their own progress as 
readers in journals. 

The software asks 
students to make a 
prediction about what is 
going to happen next in 
the text. 
The software asks 
students to look at 
highlighted words in the 
text and visualize what 
is happening. Then, the 
software prompts 
students to write or 
record what they see in 
their minds. 
The software prompts 
students to describe 
their feelings or how 
they would feel if they 
were one of the 
characters.  
The software prompts 
students to describe and 
evaluate their progress. 

Note: The first four strategies are part of the reciprocal instruction model. 

Source: Duke and Pearson (2002); Harris and Hodges (1995); Tom Snyder Productions (2006b).


Vocabulary instruction. In addition to comprehension strategy instruction, Thinking Reader 
aims to build students’ vocabulary by exposing them to new words in the context of authentic 
literature (Tom Snyder Productions, 2006b). The program provides the opportunity for explicit 
instruction when teachers introduce and discuss vocabulary pertinent to the story. Target words 
are highlighted on the screen. Students can click on these words, which are hyperlinked to a 
glossary. Definitions are also available in Spanish. 

Research suggests that word knowledge is correlated with measures of reading comprehension 
(Pearson, Hiebert, & Kamil, 2007); however, establishing the causal link between increasing 
vocabulary and increasing reading ability has been difficult (Stanovich, 2000). Nevertheless, 
students with good comprehension skills know many more words than struggling readers and are 
better able to use contextual cues and word structure knowledge to determine word meaning 
(Nagy & Scott, 2004). In their review, Blachowicz, Fisher, Ogle, and Watts-Taffe (2006) suggest 
that exposure to new and sophisticated words, including ones presented in a read-aloud 
environment, help to build a “word consciousness” for students. A meta-analysis of vocabulary 
interventions (conducted at Grade 2 through college) by Stahl and Fairbanks (1986) suggests that 
vocabulary interventions can have a statistically significant positive effect on reading 
comprehension outcomes (mean effect size of 0.97 for 41 analyses of comprehension measures 
that contain words targeted in the intervention; mean effect size of 0.30 for 15 analyses of 
standardized tests not designed to contain targeted words). These interventions also had a 
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statistically significant positive effect on measures of vocabulary knowledge (effect size of 0.20 
for 17 analyses using global vocabulary measures). The most effective vocabulary interventions 
have been “mixed-methods” that provided both definitions and contextual information for words 
(Blachowicz , Fisher, Ogle, & Watts-Taffe, 2006). The Thinking Reader program uses this 
approach. 

In addition to support for direct vocabulary instruction in general, the National Reading Panel 
(National Institute of Child Health and Human Development, 2000) concluded that a small 
literature base supports the use of computers for vocabulary instruction. For example, Reinking 
and Rickman (1990) tested whether providing Grade 6 students with definitions on a computer 
screen had an impact on their vocabulary and comprehension outcomes. Students randomly 
assigned to interventions in which they read passages on a computer and received optional or 
mandatory computer vocabulary assistance outperformed comparison groups who read excerpts 
on paper with assistance from either a dictionary or glossary. Statistically significant differences 
were found between the two groups for experimenter-devised vocabulary and comprehension 
tests. Vocabulary assistance from a computer may be particularly helpful as students read longer 
and more difficult material (Greenlee-Moore & Smith, 1996). 

Assessment and feedback. Thinking Reader is designed to support teachers’ assessment of 
students and students’ self-evaluation. Computerized comprehension quizzes provide teachers 
and students with information to monitor students’ understanding. Responses to strategy prompts 
are collected in an electronic worklog for review during student–teacher conferences. Teachers 
can also provide students with electronic feedback and requests for revisions to their strategy 
prompts. Responding to certain strategy prompts gives students opportunities to reflect on their 
progress as readers. 

The policy report Reading Next suggests that teachers should informally assess their students 
regularly to understand how adolescent readers are progressing (Biancarosa & Snow, 2004). 
Ongoing classroom-based assessments are intended to give teachers immediate feedback about 
student performance and to help them adjust the instruction that students are receiving, as needed 
(Torgesen & Miller, 2009; Winograd, Flores-Dueñes, & Arrington, 2003). Frequent monitoring 
of students’ progress is intended to prompt teachers to intervene as soon as a learning difficulty 
is encountered and to help students learn to self-assess and set appropriate goals (Cioffi & 
Carney, 1997; Lipson & Wixson, 2003). Deno’s (2003) review of both experimental and 
correlational studies supports teachers’ use of progress monitoring—associating it with high 
levels of student achievement, improved teacher decision making, and increases in students’ 
awareness of their own performance (see also Fuchs & Fuchs, 1999 for an earlier review of 
monitoring student progress). 

Learner control. As Proctor, Dalton, and Grisham (2007) point out, a key issue in designing 
digital texts with embedded learning supports is learner control and whether computer support 
should be “pushed” to the student, which help to ensure that features are experienced. The 
alternative is to have students be more self-directed, allowing support features to be “pulled” by 
the student when he or she judges the support to be needed. This design question centers on 
whether students in a more learner-controlled environment will appropriately access supports. In 
their review, Shin, Schallert, and Savenye (1994) describe several studies that show it is only 
students with higher skill and inquiry levels that do better and work efficiently using programs 
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with more learner control. Indeed, some researchers claim that the students who would benefit 
the most from computer support are least likely to access supports appropriately (e.g., Anderson-
Inman, Horney, Chen, & Lewin, 1994). Struggling readers may find a high number of features 
and options in a program distracting, doing things like accessing definitions for words they 
already know (Boone & Higgins, 1993; Dalton & Strangmann, 2006). In one study, high- and 
low-skilled fifth- and sixth-graders read passages in both printed and computer presentations. 
Students who were not the highest achieving benefitted more from computer-controlled 
environments, perhaps because their metacognitive skills were not as developed (Reinking, 
1988). One option is to give students control of their environment, thus reinforcing self-direction, 
while having the computer advise them on their choices. In a review of studies, Shin et al. (1994) 
found that students in learner-controlled environments with computer guidance receive higher 
scores than student in control conditions. Thinking Reader uses a combined “push–pull” 
approach. Some features—such as text-to-speech, glossary hyperlinks, and hints by animated 
coaches—are accessed only when students choose to use them. Other features, such as 
explanation of and prompts to use comprehension strategies and periodic comprehension checks, 
are built so that students automatically experience them. 

Research Questions 

This evaluation of the impact of Thinking Reader use by Grade 6 students focused on two 
confirmatory research questions about the effect of the program on two measures of students’ 
reading achievement: 

1. What is the effect of Thinking Reader on students’ reading vocabulary? 

2. What is the effect of Thinking Reader on students’ reading comprehension? 

A statistically significant impact on either outcome measure would be a signal of the program’s 
success. 

The study also examined whether Thinking Reader has an effect on two ancillary, but important, 
measures of students’ approaches to reading: 

1. What is the effect of Thinking Reader on students’ use of reading comprehension strategies? 

2. What is the effect of Thinking Reader on students’ motivation to read? 

The answers to these questions provide information that may be useful to educators who consider 
these factors to be important precursors or supplements to improved achievement. But without a 
direct measurable effect on reading achievement (vocabulary, comprehension), such effects 
would be insufficient to judge the program’s effectiveness. The impact results are presented in 
Chapter 4. 

We also specified a set of four exploratory research questions that examined whether the impact 
of the Thinking Reader intervention on students’ reading achievement varied across different 
subgroups of students. The subgroups were formed on the basis of baseline achievement and 
motivation to read measures:  
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1.	 Does the effect of Thinking Reader on students’ reading vocabulary vary according to their 
baseline reading vocabulary scores? 

2.	 Does the effect of Thinking Reader on students’ reading comprehension vary according to 
their baseline reading comprehension scores? 

3.	 Does the effect of Thinking Reader on students’ reading vocabulary vary according to their 
baseline reading motivation scores? 

4.	 Does the effect of Thinking Reader on students’ reading comprehension vary according to 
their baseline reading motivation scores? 

The outcomes of interest for these exploratory research questions are the vocabulary and 
comprehension subtests of the GMRT that served as the achievement measures for the primary 
research questions. The exploratory results are presented in Chapter 5. 

Study Design 

The study, a multisite cluster randomized controlled trial, randomly assigned Grade 6 teachers to 
intervention or control groups within schools. The study involved reading/English language arts 
teachers in 32 elementary and middle schools in 16 districts in Connecticut, Massachusetts, and 
Rhode Island. The study sample consisted of 92 teachers and 2,407 students. Teachers and their 
intact classes were randomly assigned to one of the two groups after students had been scheduled 
into classes using the typical school procedures. Teachers assigned to the control group were to 
use the regular school curriculum (business as usual). A well-conducted randomized controlled 
trial design that compares an intervention group with a business-as-usual control group generates 
statistically unbiased estimates of the effects of an intervention on the outcomes of interest 
(Shadish, Cook, & Campbell, 2002).  

The primary outcomes of interest—reading vocabulary and comprehension—were measured 
using two subtests of the standardized GMRTs (MacGinitie et al., 1999). Results for two 
additional, ancillary outcomes—students’ use of comprehension strategies and students’ 
motivation to read—were measured using two existing self-report instruments: the 
Metacognitive Awareness of Reading Strategies Inventory (MARSI) (Mokhtari & Reichard, 
2002) and the Motivation for Reading Questionnaire (MRQ) (Wigfield & Guthrie, 1997). Data 
from all measures given at the beginning and end of the year were used to estimate the impact of 
the intervention. Sensitivity analyses were conducted, and usage data from the software were 
analyzed to examine implementation fidelity. An existing instrument was modified for 
conducting structured classroom observations for a subset of classrooms to check fidelity of 
implementation and to explore possible differentiation between intervention and control 
classrooms in classroom instruction.  

Intervention group. Schools received the three Thinking Reader digital novels that they selected 
during the 2008–09 academic year. Intervention teachers were asked to participate in 
professional development (two, 6-hour group sessions and three individual coaching sessions 
totaling 7.5–8.5 hours) to learn the Thinking Reader software. Intervention teachers were trained 
to use the three-phase instructional routine. They were asked to incorporate Thinking Reader into 
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their regular English language arts or reading instruction for 110–165 minutes a week while a 
novel was being covered. Teachers were told that each novel should take 4–6 weeks to complete, 
with two additional class sessions for the culminating end-of-novel activity. Trainers also 
suggested that one novel be covered in the fall, one in the winter, and one in the spring—with 
weeks off, as needed or desired, between novels. 

Control group. Classrooms in the control group used their schools’ regular curriculum (business 
as usual). Students in these classrooms engaged in the regular activities of their usual English 
language arts literacy curriculum and instructional program (e.g., reading short stories, 
newspaper and magazine articles, and novels).  

Organization of This Report 

Chapter 2 describes the study methodology. Chapter 3 provides an overview of implementation 
of the Thinking Reader intervention, including data from computer worklogs and classroom 
observations. Chapter 4 describes the results of the impact analyses. Chapter 5 summarizes the 
study’s findings. Appendices provide detailed information about the Thinking Reader program, 
the technical approach to the study, and the analytical decisions made. 
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Chapter 2. 
Study Methodology 

This chapter describes the approach to securing and randomizing the sample, collecting data, and 
the administering measures during the study. It also presents characteristics of the study sample 
and details of the statistical analyses. 

Recruitment 

The target population for this study was Grade 6 teachers and students in high-need schools in 
Connecticut, Massachusetts, and Rhode Island that had two or more reading/English language 
arts teachers in Grade 6 during the 2008–09 school year. Grade 6 was selected because the 
transition from elementary to middle school is the time when reading for content-area 
comprehension becomes increasingly important for academic success. Eligible schools had to 
have the technology to implement the intervention in a whole-group setting, with a computer for 
each student. 

High-need schools were targeted because of the link between high economic need and low 
reading achievement. For example, students eligible for free or reduced-price lunch have scored 
an average of 27–33 scale score points (7–13%) below their counterparts on each of the last six 
National Assessment of Educational Progress tests (National Center for Education Statistics, 
2009a). Additionally, each of the participating states has a statistically significant negative 
correlation between school-level free or reduced-price lunch rates and reading achievement, 
indicating that a higher rate of poverty is associated with lower achievement: –0.87 in 
Connecticut (p value of .00),8 –0.84 in Massachusetts (p value of .00),9 and –0.89 in Rhode 
Island (p value of .00).10  

High-need was defined as having more than 33% of students eligible for free or reduced-price 
lunch (based on the 2006–07 school data available at the time of recruitment in spring 2008). 
The proportion of schools that enrolled Grade 6 students and met this criterion varied slightly: 
41% in Connecticut, 44% in Massachusetts, and 46% in Rhode Island. The cut point of greater 
than 33% was used to ensure a sufficiently large sampling frame of schools that could be 
considered economically disadvantaged.  

Recruitment activities built on the Education Development Center’s (EDC) longstanding 
relationships with education leaders in technology and reading at state and local education 
agencies. The American Institutes for Research (AIR) worked with EDC’s state liaisons in 

                                                 
8 Correlation between the 2006–07 school-level percentage of students eligible for free or reduced-priced lunch and 
the percentage of students meeting the state goal on the Grade 6 reading section of the Connecticut Mastery Test. 
9 Correlation between the 2006–07 school-level percentage of students eligible for free or reduced-priced lunch and 
the percentage of students scoring at or above proficient on the English language arts section of the Massachusetts 
Comprehensive Assessment System. 
10 Correlation between the October 2007 school-level percentage of students eligible for free or reduced-priced 
lunch and the percentage of students scoring at or above proficient on the reading section of the 2006–07 New 
England Common Assessment Program for all schools enrolling Grade 6 students in October 2007. 



Connecticut, Massachusetts, and Rhode Island to identify key contacts and set up meetings with 
school, district, or state leaders to elicit interest in the study. 

Recruitment began in spring 2008. School data for 2006–07 from state departments of education 
were used to identify schools that met the free or reduced-price lunch criterion. Because the 
study required at least two Grade 6 reading/English language arts teachers in each building, 
schools with fewer than 48 students enrolled in Grade 6 were excluded. The tally of eligible 
schools was 145 in Connecticut, 180 in Massachusetts, and 3 in Rhode Island.11 Recruitment 
efforts relied on making eligible schools aware of the study and the intervention. If they were 
interested, further communication was pursued. Information packets were mailed to principals, 
reading/English language arts teachers, and literacy coaches at the schools. For those schools 
expressing interest, e-mail exchanges and phones calls were used to provide more information. 
Not every school communicated back to the study team during this phase. Schools that 
communicated they were not interested most often cited that they were too busy with other 
curricular initiatives. For those schools that were still eligible and interested, meetings were 
arranged to provide more information about the study, answer questions, and determine the 
feasibility of doing the study at the school.  

All eligible schools received equal priority for inclusion in the study. All eligible schools were 
accepted that were interested in participating, would have at least two reading/English language 
arts teachers during the 2008–09 school year, and had the required technological infrastructure.12 

Of the 328 schools initially contacted, 32 schools participated. The number of schools that 
participated compared to the number of schools that were contacted is low (approximately 10%); 
another Regional Educational Laboratory randomized controlled trial also experienced low 
recruitment rates (approximately 1%) (Wijekumar, Hitchcock, Turner, Lei, & Peck, 2009). In the 
current study, 92 of the 98 Grade 6 reading/English language arts teachers at participating 
schools agreed to take part in the Thinking Reader study (Table 2.1). 

Table 2.1 Numbers of Teachers in Study, by State 

State Teachers 

Connecticut 45

Massachusetts 42

Rhode Island 5 

Total 92 
Source: Study administrative records. 

11 The decision to recruit in Rhode Island came close to the end of the 2007–08 school year. Although 29 Rhode 
Island schools were identified as potentially eligible, recruitment materials were not mailed to all schools. Instead, 
individual schools were targeted based on identification by the EDC state liaison. In the end, fewer than four Rhode 
Island schools were identified, responded, met with the study team to confirm eligibility and agreed to participate. 
12 Thinking Reader uses server-based software. Tom Snyder Productions recommends the following technical 
specifications for robust performance: Server: Must run Tom Snyder Server software on Windows 2000/2003, Mac 
OS X 10.3/10.4, or Netware 6/6.5; Processor: 1 Ghz or better; RAM: 1GB or more; Disk space: 200 MB; 
Workstations: Windows XP or Mac OS 10.3.4 or later; Processor: 800 Mhz or better; RAM 128 Mb or more; Disk 
space: 250 Mb per title; Network: 100 Mbit wired network or 802.11 a/g/n wireless network. 
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Incentives for Participation 

Districts and schools agreeing to participate in the study received Thinking Reader materials free 
of charge, a key incentive for participating. Tom Snyder Productions donated the Thinking 
Reader software kits, each of which included an installation disk, three–five hard copies of the 
novels, a reading strategies wall chart, reading strategies bookmarks for students, a teacher’s 
guide, and a novel-specific discussion guide. Tom Snyder Productions also provided free lifetime 
technical assistance by phone and e-mail.  

In fall 2008, participating schools received three Thinking Reader software kits, supporting 
equipment (headphones for each student and microphones if not built into the computers), and 
hard copies of the novels. Because personnel at some participating schools expressed the desire 
that all their students read the same novels, hard copies of the novels were provided to the 
schools in the same number as there were students in the control group. That way, control group 
students at all schools had the opportunity to read the novels being read via computer by the 
treatment group. 

In fall 2009, Tom Snyder Productions gave each school another Thinking Reader novel (in 
addition to the three provided in fall 2008). Additional headphones and microphones were given 
to the schools, in the same number as there were students in the previous year’s control group, in 
order to ensure that enough materials were available to enable all sixth graders to use Thinking 
Reader. 

In addition, the 92 intervention teachers were offered free professional development in using 
Thinking Reader. Intervention teachers were encouraged to attend two, day-long workshops and 
participate in three follow-up coaching visits during 2008–09. Well after the study had ended, 
control group teachers were invited to attend a day-long workshop in October 2009, after which 
they could start using the software if they so desired. Additional information about professional 
development is described in Chapter 3.  

Random Assignment 

AIR determined eligibility and completed recruitment of all schools prior to conducting random 
assignment. Random assignment was then conducted by AIR on a rolling basis, starting in late 
August 2008 and ending in late September 2008, when the school information sheets with the 
current list of teacher names were returned. To assign teachers to intervention and control 
conditions, a random number generator was used to create a separate allocation sequence for 
each school. Random assignment should evenly allocate intervention and control teachers to any 
preexisting imbalance that might exist (e.g., in classroom size, student achievement level, and 
demographic characteristics). In each school, teachers and their existing classrooms were 
randomly assigned to intervention or control conditions; no attempt was made to randomize 
students to teachers. In schools with an odd number of teachers, classrooms had a slightly higher 
probability of being assigned to the intervention group.13 Specifically, in schools with three or 

13 In the 23 schools with an even number of teachers, the teachers had a 50/50 probability of being assigned to 
intervention or control conditions. In 9 schools with an odd number of teachers, the teachers had a probability 
between 0.60 and 0.66 (depending whether the school had 5 or 3 teachers for randomization) of being assigned to 
the intervention group. To examine whether these different randomization procedures affected the impact estimates, 
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five teachers, we randomly picked two or three teachers, respectively, to go to the intervention 
group. If the availability of computer labs was limited, then only one teacher was assigned to use 
the intervention. This occurred in fewer than four instances. Comparisons between students in 
the treatment and control groups are shown later in this chapter. A total of 92 teachers were 
eligible and randomized.  

Institutional Review and Informed Consent 

The study team used various methods to ensure that students and their parents were notified about 
the study and had a chance to opt out. Two institutional review boards (IRBs) approved the study 
procedures. Considering a variety of factors, including the potential risk to students, both IRBs 
agreed that the research team could use an opt-out consent process rather than having to obtain 
“active” parental consent to include students. Schools were asked to distribute information about 
the study to parents, who could notify the team if they did not want their children to be in the 
study. The IRB decision was shared with all participating districts. Most districts allowed the 
study team to use this type of consent. No students were excluded from the study as a result of this 
notification process. In any district that required active parental consent, the team used alternative 
consent forms. Fewer than four districts had this requirement. In those districts, eight students 
were excluded for lack of parental consent. 

To inform students directly that taking the tests and completing the surveys were voluntary, the 
study team distributed an assent form and read it aloud to all students immediately before 
baseline and follow-up data collections. Students were told that they were not required to answer 
questions (complete measures) if they did not want to. Six students refused to complete one or 
more of the measures but did not refuse to complete testing altogether. At pretest, some students 
refused eight measures in total. At posttest, some students refused seven measures in total. In 
addition, the team used a written assent form to inform participating teachers that completing the 
questionnaire was voluntary. No teachers withheld assent. The student and teacher assent 
statements are shown in Appendix B1. 

Data Collection 

This study required data on students, teachers, schools, classroom instruction, and the fidelity of 
the intervention’s implementation. As the evaluator, AIR conducted all data collection; to avoid 
introducing potential bias, neither the developer nor the distributor were involved. In this section, 
we describe how and when these data were collected for the study. We also present information 
on the consent process that we followed before data collection and on response rates to the 
various data collections. 

Data on students. Data on students were gathered from three sources: Study teachers provided 
student demographic and enrollment information on classroom rosters; students provided 

we conducted two sets of sensitivity analyses. In the first analysis, the benchmark impact models were run with only 
the 23 schools that had an even number of classrooms (dropping 9 schools with an odd number of teachers). In the 
second analysis, we ran the same impact analyses with all schools but added a dummy covariate at the school-level 
(or Level 3) that was equal to 1 if the schools had an odd number of teachers and 0 if the school had an even number 
of teachers. None of the impact estimates presented in the report changed in either analysis. Appendix D1 details 
these sensitivity analyses and Tables D1.1-D1.6 presents the multilevel model results of these sensitivity analyses. 
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background characteristics and completed the outcome measures; and states or schools provided 
student background characteristics in data files from state achievement tests. 

Class rosters from teachers. Class rosters were collected from all study teachers to gather 
information on student demographics for determining eligibility for the tests to be administered 
(described below) and information on student mobility. Class rosters were collected from study 
teachers at three times: at the start of the school year, before the baseline data collection; at 
midyear; and near the end of the school year, before follow-up data collection. On the rosters, 
teachers indicated which students were enrolled in the class and whether each student was 
considered an English language learner (ELL) or had an individualized education program (IEP). 
This information was obtained for 98% of students.14 Students who would normally be excluded 
from the regular state achievement tests (because of very low English language levels or an 
indication on their special education IEPs) were excluded from the achievement tests. Other ELL 
students and students with IEPs who required accommodations on state reading achievement 
tests were also excluded from testing unless the accommodations could be fulfilled by field staff 
or staff at the school.15 All remaining enrolled students were considered eligible for testing. 

Information from the class rosters was also used to document student movement across 
conditions (from intervention to control classrooms and vice-versa) and attrition from the study 
(when students left study classrooms, schools, or districts and could not be part of the follow-up 
data collection). 

Measures from students. The study team visited each school twice during the study year to collect 
outcome measures to address the primary and ancillary research questions. The baseline data 
collection (pretesting) took place from September 8, 2008, to October 10, 2008 after random 
assignment.16 For baseline testing, the data collectors were unaware of the condition to which any 
teacher had been assigned. The follow-up data collection took place from May 4, 2009, to June 5, 
2009. At follow-up, data collectors were aware of each teacher’s condition. To economize, the 
same data collectors who collected student data also collected data (worklogs) from the Thinking 
Reader program itself. Therefore, the data collectors needed to know the condition of teachers in 
order to know which teachers would have the Thinking Reader computer records. 

The four paper-and-pencil instruments described below were administered each time in 
English. Data collection time per session was 120 minutes. The measures are described briefly in 
this section; information about psychometric properties is presented in Appendix B2. Before 
testing, students were asked to fill out background information on their Gates-MacGinitie 
Reading Tests (GMRT) answer sheet. Students filled in their gender and birthdate at both pretest 
and posttest; at posttest, they filled in race/ethnicity. This information helped to better describe 

14 For the other 2% of students, we were able to gather information from state data files (see below). 
15 At pretest, 66 students (44 intervention, 22 control) received accommodations; at posttest, 44 students (33 
intervention, 11 control) received accommodations. 
16 Collecting pretest data after random assignment can bias the posttest impact estimates; this is a design 
imperfection. Schochet (2008) explicitly addressed the late pretest problem in randomized control trials of education 
interventions. He found that for randomized control trials of interventions such as this one, estimates obtained when 
the late pretests were included are normally preferred to estimates that excluded them or instead included baseline 
test score data from other sources. The author argued that these results hold when growth in test score impacts do 
not grow very quickly early in the school year. This partially depends on when and how quickly the intervention is 
implemented. In our case, the intervention was not implemented until well after the pretest was given. 
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the sample and verify that random assignment had created equivalent intervention and control 
groups. Response rates for the background information and for each of the four measures are 
reported in Table 2.2. 

Reading achievement. Two standardized, multiple-choice subtests from the GMRT (MacGinitie 
et al., 1999), were administered at both pre- and posttest. All GMRT data were analyzed using 
extended scale scores (transformed raw test scores that put scores on an equal-unit scale so that 
the data could be used in statistical analyses to measure growth over time). Extended scale scores 
represent a single, continuous scale that can be used to track growth and identify the location of a 
specific score relative to a range of achievement. The GMRT is a vertically equated test, 
suggesting that changes in a student’s score over time indicate improvement in the student’s 
competency level. 

•	 Reading vocabulary. The GMRT vocabulary subtest, which measures word knowledge, was 
used to assess vocabulary. Forty-five target words are presented in a brief context that 
suggests the part of speech. Students are asked to select the word or phrase that most closely 
approximates the meaning of the test word. Students had the standard 20 minutes to complete 
this subtest.  

•	 Reading comprehension. The GMRT comprehension subtest, a 48-item subtest that measures 
a student’s ability to read and understand different types of prose and to understand the 
meaning of words in context, was used to measure reading comprehension. Students are 
asked a variety of questions. Some of them tap into literal understanding of the text, while 
others require students to make inferences or draw conclusions. Students had the standard 35 
minutes to complete this subtest.  

•	 Reading strategies. The Metacognitive Awareness of Reading Strategies Inventory (MARSI) 
(Mokhtari & Reichard, 2002) was used to measure the strategies that students use to 
understand what they read. The self-report survey consists of items that focus on strategies 
for global analysis of text, strategies for problem-solving when text is too difficult, and the 
use of outside reference materials or other support strategies (see Box B2.1 in Appendix B2). 
Students rate items on a scale of 1–5, where 1 means “I never or almost never do this” and 5 
means “I always or almost always do this.” A score is derived by calculating the mean of the 
30 items. According to Mokhtari and Reichard (2002), strategy use may be considered high if 
the mean is 3.5 or higher; medium if scores are 2.5–3.4; and low if scores are 2.4 or lower. 
The survey is not a timed measure and takes approximately 15 minutes to complete. The 
survey was read aloud during administration to help struggling readers complete the 
instrument. 

•	 Reading motivation. The Motivation for Reading Questionnaire (MRQ) (Guthrie & Wigfield, 
2000; Wigfield & Guthrie, 1997) was used to measure students’ reading motivation. Students 
rate each of the 52 questionnaire items on a scale of 1–4, where 1 means “Very different 
from me” and 4 means “A lot like me.” An overall mean is calculated from all items. This 
survey is not a timed measure and typically takes 20 minutes to complete. The questionnaire 
was read aloud during administration. Box B2.2 in Appendix B2 displays the items that make 
up the questionnaire. 
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Data files from state achievement tests. Data files from state achievement tests17 were used to 
help fill in missing student demographic data and to verify the ELL and IEP status listed by 
teachers on class rosters.18 State personnel in Connecticut and Massachusetts provided data for 
tests conducted in spring 2008, prior to the study, which contained information on IEP and ELL 
status; the data from Massachusetts also contained information about gender and ethnicity. 
School personnel in Rhode Island sent us state test scores directly; however, no additional 
student data were provided. Details on the missing data filled in using state files are presented in 
Table 2.2. 

Table 2.2 Response Rates on Student Data 
Total  

(n = 2,407) 
Intervention 
(n = 1,286) 

Control  
(n = 1,121) 

Data Number Percent Number Percent Number Percent 

Pretest measures 
Reading vocabulary 
Reading comprehension 
Reading strategies: MARSI 
Reading motivation: MRQ 

Posttest measures 
Reading vocabulary 
Reading comprehension 
Reading strategies: MARSI 
Reading motivation: MRQ 

a Demographic variables
Gender 
Age 
Race/ethnicity 
Individualized education 
program status 
English language learner status 

2,388 
2,388 
2,388 
2,387 

2,156 
2,149 
2,217 
2,225 

2,407b 

2,392 
2,269c 

2,407d 

2,407d 

99.2 
99.2 
99.2 
99.2 

89.6 
89.3 
92.1 
92.4 

100.0 
100.0 
94.3 

100.0 
100.0 

1,276 
1,280 
1,278 
1,275 

1,160 
1,155 
1,188 
1,192 

1,286 
1,279 
1,216 

1,286 
1,286 

99.2 
99.5 
99.4 
99.1 

90.2 
89.8 
92.4 
92.7 

100.0 
100.0 
94.6 

100.0 
100.0 

1,112 
1,108 
1,110 
1,112 

996 
994 

1,029 
1,033 

1,121 
1,113 
1,053 

1,121 
1,121 

99.2 
98.8 
99.0 
99.2 

88.9 
88.7 
91.8 
92.2 

100.0 
100.0 
93.9 

100.0 
100.0 

Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 
aCollected by the study team from student pre- and posttest measures and classroom rosters.

bMassachusetts state data used to fill in three missing cases.

cMassachusetts state data used to fill in 141 missing cases. 

dMassachusetts and Connecticut state data used to fill in 51 missing cases.

Source: Study administrative records.





Data on teachers. Limited information was collected on teacher backgrounds for assessing the 
baseline equivalence of intervention and control groups and strengthening the analytic models. A 
brief teacher questionnaire asked about years of teaching experience, educational attainment, and 
certifications/endorsements held (see box B2.3 in Appendix B2). The questionnaire took 
approximately 10 minutes to complete, and all teachers returned it.  

Data on schools. To strengthen the analytic models, data on school characteristics were 
collected from state education agency websites. Data included type of school (elementary or 
middle), state, enrollment size, and the poverty level and ethnicity of students. The most current 

17 State reading test score data were collected for use in the imputation models, but the data had too many missing 

cases to be helpful.  

18 ELL and IEP status had to be verified because some data provided by teachers was incomplete or contradictory. 
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data available at the time of data analysis were from the 2007–08 school year and were collected 
for 100% of the study schools. 

Data on classroom instruction. To document any differences in instruction in intervention and 
control classrooms and to examine the fidelity of Thinking Reader use, structured observations 
were conducted twice in a sample of study classrooms. An observer visited the classroom of one 
intervention and one control teacher at each school and one section/class for each teacher, for a 
total of 64 teachers and 128 observations. If a school had more than two teachers (one 
intervention, one control), one from each group was picked randomly. If a selected teacher 
taught multiple sections, one classroom was selected randomly. Sixteen of the 32 schools (50%) 
had more than two teachers, and 30 of the 92 teachers (32.6%) taught multiple classes. 

Observers contacted teachers directly to schedule observation visits between January and June 
2009. Observers asked to schedule visits when intervention classrooms would be doing “typical” 
Thinking Reader instruction and when control classrooms would be doing “typical” reading 
instruction. Because the observers in intervention classrooms saw Thinking Reader being used, 
observers were aware of the condition to which a classroom had been assigned. During the 
second round of visits, four classrooms had substitute teachers. These data were not included in 
the final analysis because instruction by a substitute teacher might not represent typical 
instruction. With 124 valid observations, the response rate was 97%.  

Fifty-two (81%) of the first-round observations took place in February and March 2009. Fifty-
two (81%) of the second-round observations took place in May and June 2009. An average of 70 
days passed between observations (range: 26–107 days). Table 2.3 shows the timing of the 
observations. 

Table 2.3 Classroom Observations by Month, 2009 

Month 

First observation Second observation 

Number Percent Number Percent 

January–March 

April–June 

54 

10 

84 

16

4 

 60

6 

 94 

Total 64 100 64 100 
Source: Study administrative records. 

The Center for the Improvement of Early Reading Achievement (CIERA) Classroom 
Observation Scheme (Taylor, 2004; Taylor & Pearson, 2000), a reliable, low-inference tool, was 
used for the study because it could be easily adapted to document reading instruction. The 
instrument provides a structured protocol for trained classroom observers to record the presence 
or absence of different aspects of classroom instruction. The protocol is designed for use in 
Grades K–6 (Taylor & Pearson, 2000) and was used previously in studies with a low-income 
sample of students, who, as in the current study, were heterogeneous in linguistic and 
racial/ethnic background (Bitter, O’Day, Gubbins, & Socias, 2009). Taylor, Pearson, Peterson, 
and Rodriguez (2004) used the measure in a study of 13 schools that had student populations in 
which 70–95% of students were eligible for free or reduced-price lunch (mean of 81%), 0–78% 
were ELLs (mean of 20%), and 48–92% were racial/ethnic minority students (mean of 71%).  
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The measure addresses seven dimensions of instruction: who in the classroom is providing 
instruction and working with students, observed instructional groupings, major academic area 
covered, materials used by the teacher and students, specific literacy activity, interaction style 
used by the teacher, and expected mode of student response.  

Observers take notes on the classroom environment for 4 minutes and then complete the coding 
scheme in 7-minute segments—observing and taking notes on classroom instruction for 5 
minutes, followed by completing on-task counts and ratings for the seven dimensions for 2 
minutes—before resuming observation. If students are engaged in different activities or pacing 
themselves at different rates through an activity, observers are instructed to walk around the class 
to ensure that they capture what individual students are doing. The protocol calls for observers to 
record all codes that are relevant for each segment. Thus, each segment’s codes represent all 
activities that are happening across all students even if not all students are engaging in all 
activities.  

Although the CIERA Classroom Observation Scheme fits the needs of the study, modifications 
were necessary to reflect key aspects of the Thinking Reader software. Primary adaptations 
included adding the “computer” as a prime medium of instruction, the “Thinking Reader digital 
text” as instructional material, and the “Thinking Reader worklog” as an activity to represent 
worklog tasks—such as students reading their worklogs, students reading teacher comments 
made to the worklogs, and teachers providing feedback to students about their worklog 
responses. Codes that were less relevant to Grade 6 readers were omitted (such as letter 
identification, phonics, and phonemic awareness). In addition, examples from the original 
CIERA coding scheme that were not age-appropriate were edited to reflect what observers were 
likely to see in Grade 6 classrooms. With the goal of maintaining consistency with the original 
coding scheme, the study team consulted with one of the authors of the CIERA coding scheme, 
who provided feedback on the proposed modifications. The final set of codes and definitions— 
which are presented in Table B3.1 in Appendix B3 and  Box B4.1 in Appendix B4—provides an 
example of narrative notes and related codes for an observation segment.  

Training and inter-rater reliability. Three study team members, along with another expert 
experienced with training observers on the CIERA coding scheme, delivered an initial 1.5-day 
training to the five-member classroom observation team. The goal was to introduce the observer 
trainees to each dimension of the CIERA coding scheme so that they would become reliable 
users. On the first day, the trainer explained each of the seven coding scheme dimensions, and 
trainees coded practice video clips of authentic reading/English language arts classrooms. 
Trainees compared their codes with the expert trainer’s codes for accuracy, discussed the process 
and results, and asked clarifying questions. Trainees received a DVD with additional practice 
clips to complete at home. 

On the second day, trainees corrected their homework and practiced using the CIERA coding 
scheme for Thinking Reader. Because videotapes of students using Thinking Reader were not 
available, trainees received 13 screenshots of Thinking Reader that highlighted the components 
of the program.  

The computer program has specific options, so trainees were guided explicitly on how to code all 
the program components. For example, blue-highlighted text on the computer screen indicated 
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that the computer was reading aloud to the student so the observer would code that the student 
was expected to be listening to the text. If students use one of the program supports to help them 
answer a comprehension prompt, an animated “peer coach” appears on the screen to indicate that 
students are receiving modeling, coaching, or scaffolding. After learning the components, the 
trainees practiced using the CIERA protocol in a live Thinking Reader classroom in a middle 
school that was not part of the study. Trainees (along with trainers) walked around the Thinking 
Reader class, coding what individual students were doing. Trainees then met with trainers to 
discuss their codes, ask questions, and check codes for accuracy. Additional time was spent 
reviewing the program components and their codes. Observers received a demonstration version 
of Thinking Reader to further familiarize themselves with the program and accompanying 
protocol codes. 

To increase reliability, classroom observers independently coded a videotaped lesson at the 
conclusion of training. These codes were reviewed and discussed by phone. Before any field 
visits, observers coded additional video clips of classroom instruction that did not involve 
computers or Thinking Reader instruction. The video clips had been coded in advance by the 
study team and the veteran CIERA trainer, who reached consensus on coding decisions so that 
the videos could be considered “expert-coded.” The classroom observers rated clips until every 
observer attained 80% coding accuracy for each dimension, which was the benchmark rate used 
in previous work with the CIERA coding scheme (Taylor et al., 2003, 2004). Four of the five 
observers required three rounds of coding to attain this level of accuracy. Final percentage 
agreement between expert and observer codes ranged from 80.6% to 100% across the 
dimensions; pairwise Cohen’s kappa values ranged from 0.61 to 1.00. One coder entered a fourth 
round of practice, which resulted in 100% agreement for all dimensions. Booster training was 
provided throughout the observation period to help observers differentiate similar codes and 
clarify codes that proved difficult to apply even though the codebook provided definitions, 
examples, and information about code nuances. 

To ensure continuing reliability, an expert observer read all observation notes and examined the 
associated codes to assess the consistency of code use. The expert noted some instances of 
coding that were not consistent with codebook instructions. In these cases, the expert recorded 
new codes based on the observers’ narrative notes. Inter-rater reliability was calculated between 
the observers’ codes and the expert’s codes for a random sample of 15% of observations for each 
observation round (n = 20; kappa = 0.60). Because of the variability between the observers and 
the expert, a second expert reviewed the codes of the first expert, and inter-rater reliability was 
high (kappa = 0.98). Because of inconsistencies in how observers used some codes and a high 
level of agreement between experts, codes from experts were used when there were 
disagreements between the expert and observers. The same procedures were followed in 
previous studies using the CIERA coding scheme (Taylor et al., 2003, 2004). 

Data on implementation fidelity. Three kinds of data were collected to gauge implementation 
fidelity. First, data from the Thinking Reader electronic reports were downloaded from the 
computers of intervention teachers. The data showed the degree to which students were exposed 
to the software (e.g., number of books started and completed and number of days and weeks 
spent on each book). Second, although the software itself does not collect detailed information 
about students’ use of specific program features, some features could be seen during 
observations. These features, including use of text-to-speech and worklogs, were built into the 
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coding scheme. Although limited, observation data gives at least some indication of the 
prevalence of the use of features. Third, the narrative observation notes from Thinking Reader 
classrooms were analyzed to gauge whether observed classrooms followed the three-phase 
instructional routine of Thinking Reader recommended in the first workshop and described in the 
Thinking Reader teacher guide (prereading discussion before students login, student use of the 
Thinking Reader software, and postreading activities after students exit Thinking Reader). 

Study Sample 

The baseline sample consisted of 49 intervention teachers and 43 control teachers (N = 92). In 
October 2008, a small number of teachers (less than four) experienced circumstances, such as 
school transfers or layoffs due to budget cuts. The schools distributed these teachers’ students 
among the other teachers. The study continued to track these students, and the impact analyses 
followed an intent-to-treat approach by maintaining the students’ original group assignments and 
including them in the impact analyses. The robustness of the impact results was tested by 
running the impact models on a reduced sample that excluded the students who were in these 
teachers’ classrooms (see sensitivity analyses section, later in this chapter). 

Following randomization (in September 2008), a small number of intervention teachers (fewer 
than four) refused to implement the intervention but agreed to let the study collect data for the 
intent-to-treat analyses. Data from all teachers present at the end of the study were used in the 
impact and sensitivity analyses. With this sample size and the assumptions made about the 
correlation between pretest and posttest scores, this study has the statistical power to detect a 
minimum effect of 0.19–0.24 standard deviations (see Appendix B5). 

The student sample is defined as follows: 

•	 Students listed on the classroom rosters at the time of the pretest (September–October 2008). 

•	 Students eligible to be tested (based on roster information; see above). 

•	 Students identified as special needs before the pretest and for whom testing accommodations 
could be provided without extraordinary effort (e.g., allowing the student to write in the test 
booklet or offering extended time). 

•	 Students who joined a classroom after pretesting (n = 169) were excluded from the study 
because of possible bias in how the students might have been assigned to classrooms. 

The study sample is summarized in Table 2.4 which shows the numbers of students, teachers, 
and classrooms in the sample and their distribution across study groups, and in Figure 2.1, which 
shows the study sample from recruitment through analysis.  
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Table 2.4 Students, Teachers, and Classes, by Study Condition  

Study sample 
Intervention Control 

Total Number Percent Number Percent 

Teachers 
Classes 
Students 

Consented to participate 
a Eligible for testing

Attrition, pretest to posttestb 

Postattrition sample 
Student movementc 

Changed teachers, not condition 
Changed schools, not condition 
Moved, control to interventiond 

Moved, intervention to controle 

92 
129 

2,505 
2,407 
164 

2,243 

20 
5 

21 
28 

49
67 

1,343 
1,286 

86 
1,200 

13 
<3 
0 

28 

 53.4
51.9 

53.6 
53.4 
6.7 

53.5 

1.0 
<0.2 
0.0 
2.2 

 43
62 

1,162 
1,121 

78 
1,043 

7 
<3 
21 
0 

 46.7 
48.1 

46.4 
46.6 
6.9 

46.5 

0.6 
<0.3 
1.9 
0.0 

aStudents who normally would be excluded from state tests (e.g., because of their English language or special education status) were 

excluded from testing. Students with disabilities who required accommodations on their state tests were deemed ineligible for study 

testing, unless the accommodations could be fulfilled by field staff or staff at the school. 

bPercentages were calculated within each condition by dividing the number of students who left the sample by the number of eligible 

students.

cPercentages were calculated within each condition by dividing the number of students within each movement category by the number of 
eligible students.

dStudents who moved from control to intervention class between pre- and posttesting. 

eStudents who moved from intervention to control class between pre- and posttesting. 

Source: Study administrative records.
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Student characteristics. At baseline, no statistically significant differences were found between 
intervention and control groups for the primary outcomes of reading vocabulary and reading 
comprehension (Table 2.5). The pretest GMRT scores in the 500–502 range correspond to 
normal curve equivalent scores of 42–43 and grade equivalents of 5.2–5.3, which indicate that 
the study sample had lower than average achievement compared with the national norm (for fall 
for Grade 6). 

Table 2.5 Reading Achievement Pretest Scores, by Study Condition 

Primary outcomes: Intervention (n = 1,286) Control (n = 1,121) 
Gates-MacGinitie 
Reading Tests Standard Standard 

t-statistic 
(standard 

extended scale scores Number Mean deviation Number Mean deviation error)a p value 

Reading vocabulary 1,276 502.14 32.63 1,112 502.19 35.00 0.03 (1.38) .97


Reading comprehension 1,280 500.19 32.20 1,108 502.06 32.63 1.41 (1.33) .16


Note: Calculations do not account for the clustering of students by teacher or teacher by school.

aNumbers in parentheses are standard errors of the differences between the two means for each t-statistic. We used Levene’s test (1960) to 

assess the equality of variance assumption across the two groups. 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 


At baseline, no statistically significant differences were found between the intervention and 
control groups for the ancillary outcomes of student use of reading comprehension strategies or 
motivation for reading (Table 2.6). Reported strategy use by the sample may be considered 
medium, according to ranges provided by MARSI developers (Mokhtari & Reichard, 2002). 
Although developers of the MRQ do not provide similar guidelines for judging the motivation 
score, the students’ mean scores are in the mid-range of the 1 (lower motivation) to 4 (higher 
motivation) point scale. 

Table 2.6 Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire Pretest 
Scores, by Study Condition 

Intervention (n = 1,286) Control (n = 1,121) t-statistic 
(standard Standard Standard 

Ancillary outcomes Number Mean deviation Number Mean deviation error)a p value 
Reading strategies: 
MARSI 1,278 3.18 0.67 1,110 3.15 0.71 –1.03 (.03) .30 
Reading motivation: 
MRQ 1,275 2.83 0.47 1,112 2.85 0.48 0.73 (.02) .47 
Note: Calculations do not account for the clustering of students by teacher or teacher by school. MARSI is Metacognitive Awareness of 

Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire.

aNumbers in parentheses are standard errors of the differences between the two means for each t-statistic. We used Levene’s test (1960) to 

assess the equality of variance assumption across the two groups. 

Source: MARSI and MRQ surveys administered by study team. 


Intervention and control groups differed significantly in the percentages of students identified as 
ELLs or who had IEPs (Table 2.7). These differences were addressed in the impact analysis by 
including the two covariates in the analytical model. (In the analyses reported in Chapter 4, the 
treatment coefficient was always interpreted after adjusting for the effects of these covariates.) 
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Table 2.7 Student Characteristics, by Study Condition 

Characteristic 

Intervention 
(n = 1,286) 

Control 
(n = 1,121) χ2 (degrees of 

freedom) p value Number Percent Number Percent 
Female 

a Ethnicity
African American 
Asian 
Hispanic 
White 
Other ethnicity 

Individualized education 
program 
English language learner 

649 

150 
74 

346 
455 
191 

164 

89 

50.5 

12.3 
6.1 

28. 5 
37.4 
15.7 

12.8 

6.9 

562 

140 
87 

279 
393 
154 

84 

148 

50.1 

13.3 
8.3 

26.5 
37.3 
14.6 

7.5 

13.2 

χ2 (1) = 0.03 
χ2 (4) = 5.40 

χ2 (1) = 17.93 

χ2 (1) = 26.62 

.87 

.25 

.00 

.00 
Note: Calculations do not account for the clustering of students by teacher or teacher by school.

aThis variable has 138 missing cases (intervention = 70; control = 68). 

Source: Student self-report section on Gates-MacGinitie Reading Tests administered by study team; student rosters completed by study 
teachers. 





Teacher characteristics. In the sample of 90 teachers, 100% had at least a bachelor’s degree. 
They averaged 13.4 years of teaching experience (range: 0–45) and 7.7 years of experience 
teaching Grade 6 (range: 0–34). Of the 90 teachers, 86 were fully certified, and 4 had 
probationary, provisional, or temporary certifications. No statistically significant differences in 
teacher characteristics were found between the intervention and control groups. Table 2.8 
presents the two teacher characteristics that were used in analyses—educational attainment level 
and years of teaching experience. Table B2.1 in Appendix B2 presents the frequencies of 
additional questions and responses included in the teacher questionnaire (the disaggregated 
categories of the teachers’ academic degrees, types of certification, and areas of certification), by 
condition. 

Table 2.8 Teacher Characteristics, by Study Condition 

Characteristic 
Intervention (n = 48) Control (n = 42) Test 

statistica p value Number Percent Number Percent 
Highest degree held 

bMaster’s degree or higher
Bachelor’s degree 

Years teaching (average) 
Average, total years teaching 

Average, total years teaching 
grade 6 

 37 
11 

48 

48

77.1 
22.9 

13.48 
(9.07) 

 8.25 
(6.73) 

28 
14 

42

42

66. 7 
33. 3 

 13.31 
(9.32)

 7.11 
(6.40)

χ2 (1) = 1.21 

 t = –0.09 
(1.94) 

 t = –0.82 
 (1.39) 

.27 

.93 

.41 

Note: Frequencies of additional questions and responses from the teacher background questionnaire are presented in Table B2.1 in 

Appendix B2. Calculations do not account for the clustering of teacher by school. 

aNumbers in parentheses are standard deviations (for group means), degrees of freedom (for chi-squared), or standard errors of the 

differences between the two means (for t-statistics). We used Levene’s test (1960) to assess the equality of variance assumption across the 
two groups. 

bIncludes teachers with master’s degrees, first professional degrees, or education specialist/professional diplomas. 

Source: Teacher background questionnaire administered by study team. 
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School characteristics. The 19 elementary and 13 middle schools in the study had an average 
enrollment of 553 students, with a range of 212–1,162 students (Table 2.9). Race/ethnicity of the 
student population averaged 32.51% Hispanic, 22.98% Black, and 37.26% white, with lower 
numbers of Asian (5.85%) and American Indian (0.29%) students. Student poverty (defined by 
the percentage of students who were eligible for free or reduced-price lunch) in schools ranged 
from 29% to more than 95% and averaged 70.9%. 

When schools were recruited during spring 2008, school poverty was based on information from 
the 2006–07 school year, and all 32 schools met the criterion of having more than 33% of their 
students eligible for free or reduced-price lunch. School characteristics reported in Table 2.9 
were obtained in fall 2009, from the most current data available from state departments of 
education (2007–08 school year). The more recent snapshot of these schools’ populations is 
presented here to describe the schools that participated in the study. The data from 2007–08 were 
used in the analytic models. 

Table 2.9 Demographics of Participating Schools as of the 2007–08 School Year (Percent, Except Where Noted) 

Characteristic Mean 
Standard 
deviation Minimum Maximum 

School typea 

Middle school 
Elementary school 
Enrollment size (number) 

Student characteristics 
Eligible for free or reduced-price lunch 

c Special education
d English language learners

American Indian/Alaskan Native 
Asian/Pacific Islander 
Hispanic 
Black, non-Hispanic 
White, non-Hispanic 

41 
59 

552.75 

70.92 
13.69
11.78
0.29
5.85
32.51
22.98
37.26

222.23 

23.93 
 4.89 
 13.53 

 0.46 
 11.85 
 23.02 
 21.30 
 33.45 

212.00 

29.00 
2.90 
0.00 
0.00 
0.00 
2.13 
1.71 
1.65 

1162.00 

>95.00b 

27.00 
39.40 
2.45 
53.05 
83.11 
84.97 
92.55 

N 32 
Note: Ethnic composition was derived from total school enrollment and reported number of students within each ethnicity. Percentages

reported from each school did not always sum to 100% because of missing data. 

aMiddle school is defined as having Grades 5/6–8. Elementary school is defined as all other grade configurations (K–6; 1–8). 

bWhen percentage eligible for free or reduced-price lunch was greater than 95%, the data source for Connecticut schools reported >95 

instead of the actual percentage. In these instances, 95% was used in the calculations. 

cDefined in Massachusetts as students with an individualized education program and in Connecticut and Rhode Island as students

receiving special education services.

dEnglish language learners are referred to in Massachusetts as limited English-proficient students and in Connecticut and Rhode Island as

students receiving English as a second language/bilingual services. 

Source: Connecticut Department of Education (n.d. b); Connecticut Department of Education (n.d. c); Massachusetts Department of

Education (n.d. b); Rhode Island Department of Education (n.d. b).
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The percentages of students who scored below the proficient level on the state achievement test 
in participating schools and statewide were used to provide context on student achievement at the 
participating schools (Table 2.10). Data for 2007–08 show that the percentage of students who 
scored below proficient was higher on average in the study schools than the statewide average. 

Table 2.10 Average Percentage of Students Scoring Below Proficient Level on 2007–08 State Grade 6 Reading/English 
Language Arts Assessments 

Study schools State overall 

State Assessment 

Number of 
students 

tested 

Percent 
scoring below 

proficient 

Number of 
students 

tested 

Percent 
scoring below 

proficient 
Connecticut 

Massachusetts 

Rhode Island 

Connecticut Mastery 
Test: Reading 
Massachusetts 
Comprehensive 
Assessment System: 
English language arts 
New England Common 
Assessment Program: 
Reading 

1,262 

1,551 

294 

45 

46 

59 

42,131 

71,575 

11,129 

22 

33 

38 

Note: Average percentages for study schools within each state were calculated by dividing the number of students in all of the study 
schools that scored below proficient by the number of students in all of the study schools who took the assessment. State averages were 
provided directly by the source. 
Source: Connecticut Department of Education (n.d. a); Massachusetts Department of Education (n.d. a); Rhode Island Department of 
Education (n.d. a). 

Missing Data 

The amount of missing data was examined to ascertain whether it was reducing the overall 
statistical power to detect intervention effects and to determine whether the amount differed 
between treatment and control groups. Any nonrandom differences in the amount of missing data 
could introduce bias in the findings. 

The amount of missing data was low: 0.47–1.16% of students had missing data at pretest and 
7.31–11.33% at posttest, depending on the measure. No statistically significant differences in the 
amount of missing data were found between intervention and control conditions. Thus, evidence 
does not suggest that missing data were related to the Thinking Reader intervention or would 
lead to biased impact results. Further information about missing data is presented in Appendix 
C1. Tables C1.1 and C1.2 show the percentage of missing data for each primary and ancillary 
outcome, by condition. 

Estimating Impacts 

The basic analytic strategy for assessing the impacts of Thinking Reader was to compare 
achievement outcomes for students whose teachers were randomly assigned to the intervention 
condition with those assigned to a business-as-usual control condition. The average outcome in 
the control group is an estimate of the achievement level that would have been observed in the 
intervention group if it had not used Thinking Reader. Thus, the difference in outcomes provides 
an unbiased estimate of the impact of the intervention. 
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Listwise deletion was used for the impact analyses presented in Chapter 4. Students were 
removed from the analysis of the intervention effect on each outcome if their pre- or posttest 
scores for that outcome were missing. The percentage of students with missing data across pre- 
and posttests did not exceed 11.4%, and no statistically significant differences were found 
between intervention and control groups; no other covariates in the impact models had missing 
data. Simulations reported by Puma, Olsen, Bell, & Price (2009) indicated that, with missing 
data at these levels and with similar assumptions, dropping cases with missing data yields 
unbiased impact estimates that are comparable to findings from other approaches for handling 
missing data. More information about the missing data can be found in Appendix C1. Tables 
C2.1–C2.3 in Appendix C2 present the baseline equivalence of the analytic sample for the 
primary achievement outcomes and the ancillary outcomes and present student characteristics for 
the analytic sample, by condition. 

Because of the research design and hierarchical data structure (students nested within teachers 
and teachers nested within schools), a multilevel model was used to estimate the impact of 
Thinking Reader. The multilevel model accounts for the nested structure of the data and yields 
appropriate standard errors for the effects of interest (Raudenbush & Bryk, 2002).19 Effect sizes 
were computed to show the magnitude of the effect of Thinking Reader, expressed in standard 
deviation units. The impact model is presented in detail in Appendix C3.  

Adjusting for Multiple Comparisons 

This study addresses four research questions that involve the two primary outcomes of reading 
vocabulary and reading comprehension. To account for the two comparisons and to avoid 
spurious positive findings, a multiple comparison adjustment (a Bonferroni correction) was used 
that divided the critical p value (alpha) in half. This means that an impact result on the measures 
of vocabulary and comprehension must have an observed p value lower than .025, instead of the 
more standard .05, to be considered statistically significant. 

Sensitivity Analyses 

The robustness of the results was tested through analyses that examined how sensitive the impact 
estimates were to the assumptions made about listwise deletion (by reanalyzing the data using 
two multiple imputation models), specification of the treatment coefficient as a random effect 
(by reanalyzing the data using a fixed-effect treatment coefficient), specification of a three-level 
model (by reanalyzing the data using a two-level model), the number of classes per teacher 
(multiple classrooms or one classroom), and retention in the sample of students whose original 
teachers left their schools at the beginning of the school year (see Chapter 4). 

Estimating Impacts for Exploratory Research Questions 

To answer the four exploratory research questions, we used a similar analytic strategy to the one 
we used to respond to the main research questions. Three-level multilevel models using listwise 
deletion samples were created to address these questions.  

19 The HLM 6.08 program was used to analyze the multilevel models (Raudenbush, Bryk, & Congdon, 2008). 
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Chapter 3. 

Implementation of the Thinking Reader Intervention 


This chapter describes the professional development and training provided and dosage/fidelity 
data on how Thinking Reader was implemented. It looks at whether all students in the 
intervention classes read all three digital novels and whether teachers used the recommended 
instructional routine. The chapter also considers the intensity of the intervention delivery, 
examining whether the books were read for at least the recommended minimum number of 
minutes per week and whether the books were completed within the expected number of weeks. 
Finally, it presents findings from classroom observations and compares literacy instruction in 
intervention and control classrooms. 

Professional Development 

Intervention teachers received two, 6-hour group professional development sessions in the fall; 
three individual coaching sessions in the fall, winter, and spring (totaling 7.5–8.5 hours); and 
other opportunities for communication with coaches throughout the year. The training and 
coaching provided were typical of that provided to teachers in Dalton and colleagues’ (2002) 
quasi-experimental study. Systematic information about the amount of training that typical 
Thinking Reader customers implement is not available.20 

Intervention teachers attended group trainings at one of four locations selected to be 
geographically convenient to clusters of study schools. Training was conducted by four trainers 
from the Center for Applied Special Technology (CAST) and a trainer from Tom Snyder 
Productions. Support staff (e.g., special education teachers, reading specialists/consultants, and 
paraprofessionals) who worked regularly with the intervention teachers were invited to attend the 
training sessions so that they could understand the principles of the intervention.  

At the first round of introductory workshops in September and early October 2008, the training 
outlined the role of reading strategies in improving comprehension and the value of universal 
design features to support diverse learners, featured interactive demonstrations and guided practice 
in using Thinking Reader, and shared strategies for launching and managing Thinking Reader.21 

Of the 49 intervention teachers, most attended the first group training or received individual make­
up training; fewer than 4 teachers elected not to participate.  

A second 6-hour follow-up training was conducted in November, some 6–8 weeks after the first 
workshop, and focused on further integrating reading strategies into instruction. Teachers shared 
implementation successes and challenges and had the opportunity to ask technical questions. 
They analyzed program assessment results and practiced holding conferences with students to 
discuss and scaffold progress. Teachers also received information about how to organize a 
culminating activity with students after they would finish reading a book. Trainers shared ideas 

20 According to Tom Snyder Productions (personal communication, July 24, 2007), although customers are 
encouraged to purchase professional development, schools vary in the amount of training they conduct. Because a 
definition of “typical” training was not available, the study implemented the model used in past research on the 
program (Dalton et al., 2002), which is the amount of training recommended by the developers of the program.
21 Training materials are available online at http://www.literacyintervention.org/participantspage_training.asp. 
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for activities, such as painting a class mural about the novel, adapting the novel as a play, and 
creating a newspaper about the novel. Most teachers attended or received makeup training; fewer 
than four teachers elected not to participate.  

During the first two coaching sessions (held December 2008–February 2009 and February–March 
2009), CAST coaches conducted individual sessions followed by a debriefing in the teacher’s 
classroom or the school’s computer lab. Each component lasted 2–3 hours. This session included 
time for the coach to watch the teacher during Thinking Reader instruction. Teachers could also 
observe the coach teaching a particular instructional process in conjunction with the program. 
During debriefing, the coach and the teacher reflected on the instruction, engaged in problem-
solving, and set goals for the next phase of implementation. Most teachers engaged in the individual 
meetings—with fewer than four teachers who did not attend. Each coaching visit also included a 2­
hour after-school group meeting of teachers from one or more schools in the same area to enable 
teachers to share successes, strategies, and teaching ideas. Attendance was 81% at the first visit and 
77% at the second. The third set of coaching sessions took place in May 2009 and consisted of 1.5­
hour conference calls between several teachers and two coaches. On the calls, each teacher 
highlighted a student who had shown reading improvement; teachers also reflected on their overall 
learning in strategy instruction. Attendance for the telephone sessions was 63%. 

Several other methods were used to facilitate information exchange between teachers and coaches. 
Coaches responded to teachers’ questions by e-mail, and teachers also received a biweekly e-mail 
check-in asking them to share their progress on implementation and to report any technical or 
instructional challenges that coaches could help troubleshoot. An average of 61% of teachers 
responded to the 17 probes during the year. Of those who responded, an average of 94% for each 
probe reported that the software was working technically “well” or “very well.” 

In addition, an electronic mailing list for trainers and coaches was set up to answer common 
questions for the whole group and to share instructional ideas or concerns. CAST staff sent 22 
mailing list posts, and teachers posted 35 responses. 

Implementation of Thinking Reader 

Program use. According to CAST, optimal implementation of Thinking Reader involves 110– 
165 minutes of program use per week. In training, intervention teachers were told to adhere to 
these guidelines during the time a novel was being covered. This gave teachers flexibility to 
schedule Thinking Reader use around their regular curriculum and computer availability. 
Trainers estimated that each of the novels would take 4–6 weeks to complete. Trainers also 
recommended that teachers use the program two or three times per week, with two additional 
class sessions for end-of-novel activities. If these recommendations were followed and three 
novels were covered, students’ exposure to Thinking Reader would range between 1,320 and 
2,970 total minutes of use across 24–54 days.  

Trainers suggested initiating the first novel in fall, the second novel in the winter, and the third 
novel in the spring—with weeks off, as needed or desired, between novels. Teachers were 
advised to work around their class schedules, school vacation, testing schedules, and computer 
availability to complete the three novels. Trainers acknowledged that part of implementing the 
program includes planning how Thinking Reader would be integrated with other instruction. 
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While a Thinking Reader novel was being covered, teachers might plan days “off” the computer 
to cover curricular components unrelated to the novel (e.g., spelling, grammar, or word study) or 
they could choose to incorporate the novel with activities (e.g., reviewing the plot or studying 
vocabulary). When a Thinking Reader novel was not being covered, teachers could continue to 
cover reading material that would regularly be part of the curriculum. Coaches collected 
biweekly probes and visited classrooms, making suggestions or inquiries about program use. 
They did not try to enforce suggested time guidelines in any way, in line with the developer’s 
philosophy that teachers need to adopt innovation without coercion (P. Coyne and B. Dalton, 
personal communication, April 22, 2010). 

Information from the Thinking Reader electronic reports was used to establish the number of 
novels initiated by each teacher; the number of novels completed by students of each teacher; the 
average number of minutes, days, and weeks that students of each teacher spent on each novel; 
and the level of support (ranging from 1 to 5) that teachers set for each student across each book. 
The program usage data presented below are based on the intervention sample (n = 1,286) 
although 158 (12%) of these students did not have usable Thinking Reader electronic report data. 

Most teachers initiated a first book and a second book (fewer than four teachers did not). Twenty-
seven teachers initiated a third book. Overall, 22 teachers started the program later than planned, so 
intervention use was not spread across the year as intended. For the first book, 25 teachers began 
implementation in October, as originally planned; 14 in November; and 8 in December or January. 

Figure 3.1 shows the percentage of students initiating and completing books and the number of 
books (regardless of sequence). Students were not required to complete one book before starting 
another. 

Over the school year, students in the intervention group averaged 1,013.7 minutes (about 17 
hours) using Thinking Reader across 25.5 days and 16.9 weeks. This was an average of 57.7 
minutes across 1.4 days per week. The total number of minutes students spent using the software 
program was lower than expected (69.1% of the sample was below the recommended range). 
Additionally, although students were accessing the program within the expected range of total 
days of use, usage was on the lower end of the expected range (37.2% of the sample was below 
the recommended range). For the books with higher completion rates (Books 1 and 2), students 
exceeded the expected 4- to 6-week completion time on average, resulting in less concentrated 
use of the software. When situated in the context of total days in a school year (approximately 
180), students used Thinking Reader for an average of 14.2% of school days. Table 3.1 presents 
information about software use in minutes, days, and weeks by book, as well as average minutes 
per week and average days per week. 

Program usage varied by book. Students spent similar amounts of time in Thinking Reader for 
their first and second books, but spent approximately half as much time on their third book. More 
than half (50.9%) of students did not start the third book, and completion rates dropped markedly 
from Book 1 (73.7%) to Book 3 (8.9%). Novel completion details, by book, are shown in 
Table 3.2. 
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Figure 3.1 Thinking Reader Use by Students in the Intervention Group, by Number of Books 

 
Note: Percentages are based on the treatment sample (n = 1,286).  
aTwelve percent of students (158 students) did not have usable student progress reports and/or data from class worklogs. These 158 
students are also included in the 20% of students who did not complete any book. 
Source: Student progress reports from Thinking Reader software collected by study team. 
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Twenty-one control group students (1.9% of the control group and 0.9% of the total sample) 
used the software at some point during the study year. These were students who had crossed over 
from control to treatment classrooms; all maintained their control group standing in the impact 
analyses, for intent-to-treat purposes.22  

Because a number of students did not use Thinking Reader, we next present software usage 
information for only those 1,128 intervention students who actually used the program. This 
group had higher usage than the intent-to-treat sample as a whole. Over the school year, students 
in the intervention group who used the software averaged 1,195.8 total minutes (about 20 hours) 
using Thinking Reader across 29 days and 19.2 weeks. This was an average of 68.4 minutes 
across 1.6 days per week (see Table 3.3).  

 

                                                 
22 For Book 1, 17 control group students used the software and 13 completed the book. For Book 2, 21 control group 
students used the software and 11 completed the book. For Book 3, 11 control group students used the software and 
none completed or almost completed the book. The control group students who used the program spent an average 
of 437.44 minutes across 11.76 days and 8.68 weeks on Book 1, 423.48 minutes across 10.70 days and 7.35 weeks 
on Book 2, and 189.20 minutes across 6.00 days and 2.35 weeks on Book 3. 



Table 3.1 Thinking Reader Use, by Book (for Entire Intervention Group) 

Average use 

First book (n = 1,286) Second book (n = 1,286) Third book (n = 1,286) Total (n = 1,286) 

Expected 
use

Standard 
Mean deviation Range 

Standard 
Mean deviation Range 

Standard 
Mean deviation Range 

Standard 
Mean deviation Range 

a Minutes
bDays

Weeksc 

Minutes/weekd 

Days/weeke 

469.8
 11.8 

8.3 
59.6 
1.4 

 337.6 
6.3 
5.2 

58.5 
0.8 

0–1,840 
0–30 
0–25 

0–1,202 
0–5 

424.9 
10.8 
7.0 

56.0 
1.4 

364.2 
7.1 
4.3 

53.2 
0.9 

0–1,795 
0–39 
0–17 

0–683 
0–5 

119.0
2.8 
1.7 

42.2 
1.0 

 234.3 
4.5 
2.8 

81.3 
1.3 

0–1,775 
0–27 
0–13 

0–969 
0–6 

1,013.7 
25.5 
16.9 
57.7 
1.4 

635.1 
13.0 
8.4 

40.9 
0.8 

0–3,639 
0–63 
0–50 

0–366 
0–5 

1,320–2,970 
24–54 
12–18 

110–165 
2–3 

Note: Calculations do not account for the clustering of students by teacher or teacher by school. 

aBecause logging out of the software was not automatic and failure to log out could result in a large number of total minutes used, outliers above the 95th percentile for the sample were 

excluded from estimates. CAST verified that these outliers were likely errant data. 

bAverage day’s calculations involved counting the number of days a student logged into Thinking Reader software for each book. 

cAverage week’s calculations involved subtracting the start date from the end date for each student and dividing by 7. The span of weeks could have included time for vacation, testing, or some 
other extended break from program use. 

dAverage minutes per week’s calculations involved dividing students’ total minutes by total weeks.

eAverage days per week’s calculations involved dividing students’ total days by total weeks.

Source: Student progress reports and data from class worklogs from Thinking Reader software collected by study team.





Table 3.2 Thinking Reader Completion, by Book (for Entire Intervention Group) 
First book Second book Third book 

Novel completion Number Percent Number Percent Number Percent 
Completed the novel 948 73.7 680 52.9 115 8.9 
Completed three-fourths of the novel 125 9.7 129 10.0 68 5.3 
Completed less than three-fourths of the novel 48 3.7 295 22.9 449 34.9 
Did not initiate the novel 165 12.8 182 14.2 654 50.9 
Total 1,286 100.0 1,286 100.0 1,286 100.0 
Source: Student progress reports from Thinking Reader software collected by study team. 
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Table 3.3 Thinking Reader Use, by Book (for Intervention Students Who Used the Software) 

Average use 

First book (n = 1,121) Second book (n = 1,104) Third book (n = 632) Total (n = 1,128) 

Expected 
use

Standard 
Mean deviation Range 

Standard 
Mean deviation Range 

Standard 
Mean deviation Range 

Standard 
Mean deviation Range 

a Minutes
b Days

Weeksc 

Minutes/weekd 

Days/weeke 

595.2 
13.4 
9.5 

75.9 
1.6 

264.1 
4.8 
4.4 

56.0 
0.7 

35–1,840 
1–30 
1–25 

6–1,202 
0–4 

549.7 
12.7 
8.2 

72.4 
1.7 

321.0 
5.9 
3.5 

49.8 
0.7 

14–1,795 
1–39 
1–17 

9–683 
0–5 

279.5 
6.0 
3.5 

102.4 
2.0 

290.3 
5.0 
3.2 

99.4 
1.2 

1–1,775 
1–27 
1–13 

5–969 
0–6 

1,195.8 
29.0 
19.2 
68.4 
1.6 

507.7 
9.6 
6.1 

36.5 
0.6 

14–3,639 
1–63 
1–50 

1–463 
0–5 

1,320–2,970 
24–54 
12–18 

110–165 
2–3 

Note: Calculations do not account for the clustering of students by teacher or teacher by school. A total of 158 students were without usable student progress reports and/or data from class

worklogs.

aAverage minute’s calculations account for the students who started a book. Because logging out of the software was not automatic and failure to log out could result in a large number of total 

minutes used, outliers above the 95% percentile for the sample were excluded from estimates. CAST verified that these outliers were likely errant data.

bAverage day’s calculations involved counting the number of days a student logged into Thinking Reader software for each book. 

cAverage week’s calculations involved subtracting the start date from the end date for each student and dividing by 7. The span of weeks could have included time for vacation, testing, or some 
other extended break from program use. 

dAverage minutes per week’s calculations involved dividing students’ total minutes by total weeks.

eAverage days per week’s calculations involved dividing students’ total days by total weeks.

Source: Student progress reports and data from class worklogs from Thinking Reader software collected by study team. 
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Calibration of level of support to student achievement. A key feature of the Thinking Reader 
program is that teachers can adjust the level of support provided to individual students so that 
each can progress to higher levels and become less reliant on program supports (Tom Snyder 
Productions, 2006). Trainers suggested that all students begin at Level 1, which offers more 
support, when initiating the first novel to give them a chance to become familiar with Thinking 
Reader. Additionally, the software program defaults to Level 1 at the beginning of each book. 
Teachers could give students access to change their own level. Table 3.4 presents the initial and 
final levels of support provided to students for the first strategy prompt and the last prompt they 
finished within each book.  

Table 3.4 Thinking Reader Use, by Level of Support and Book Order (for Intervention Students Who Used the Software) 

Level 
First book: Initial level Second book: Initial level Third book: Initial level 

Number Percent Number Percent Number Percent 
1 
2 
3 
4 

1,081 
36

<15 
<3 

95.6
 3.2 

<1.3 
<0.3

 968
79
45

 6 

 87.8
 7.2 
 4.1 

0.5 

 486
69 
22
21 

 79.5 
11.3 

 3.6 
3.4 

5 — — 5 0.5 13 2.1 
Total 1,131 100.0 1,103 100.0 611 100.0 

Level 
First book: End level Second book: End level Third book: End level 

Number Percent Number Percent Number Percent 
1 
2 
3 
4 
5 

852 
191 
76
6 
6 

75.3 
16.9 

 6.7 
0.5
0.5

610 
268 
188 

 25 
 12 

55.3 
24.3 
17.0 
2.3
1.1

392 
111 
54

 39 
 15 

64.2 
18.2 

 8.8 
6.4 
2.5 

Total 1,131 100.0 1,103 100.0 611 100.0 
Note: Calculations are based on 1,131 students because 155 students from the intervention group did not have data from class worklogs. 
Percent is the valid percent not accounting for the students who did not start the book. Calculations do not account for the clustering of 

students by teacher or teacher by school.  

Source: Class worklogs from Thinking Reader software collected by study team. 





For the most part, teachers followed the trainers’ recommendation to start all students at Level 1; 
more than 95% of students used the highest level of support when beginning their first book. 
Most students also began Books 2 (88%) and 3 (80%) at Level 1. Additionally, although most 
students (75%) finished their first book at Level 1, fewer students remained at Level 1 at the end 
of their second (55%) and third (64%) books. Table 3.5 presents a summary of change from 
initial to final levels of support for each book. Overall, most students did not change levels 
within each book (79% in the first book, 63% in the second book, and 84% in the third book). 

43 




Table 3.5 Thinking Reader Use, by Change in Level and Book Order (for Intervention Students Who Used the Software) 

Change in level 

First book Second book Third book 

Number Percent Number Percent Number Percent 

Decreased 1–2 levels ≤3 ≤0.3 5 0.5 ≤3 ≤0.5 

No level change 888 78.5 695 63.0 513 84.0 

Increased 1 level 177 15.6 261 23.7 44 7.2 

Increased 2 levels 53 4.7 125 11.3 34 5.6 

Increased 3–4 levels <15 <1.3 17 1.5 <20 <3.3 

Total 1,131 100.0 1,103 100.0 611 100.0 

Note: Calculations are based on 1,131 students because 155 students from the intervention group did not have data from class worklogs. 
Percent is the valid percent not accounting for the students who did not start the book. Calculations do not account for the clustering of 

students by teacher or teacher by school.  

Source: Class worklogs from Thinking Reader software collected by study team.





Although only 21% of students increased levels in Book 1, 37% of students who initiated a 
second book increased at least one level. Few students changed levels in Book 3, perhaps 
because many students did not work long on or finish the third book.  

Of those students who progressed to a higher level in any book, most increased only one or two 
levels; only a small fraction of students increased more than two levels in each book (0.9% in 
Book 1, 1.5% in Book 2, and 3.1% in Book 3). Changing students’ level of support was 
concentrated among 69% of teachers for Books 1 and 2 and 33% for Book 3. In other words, 
more than 1 out of 4 teachers made no level adjustments for students during Books 1 and 2 and 
more than twice as many teachers (67%) made no level adjustments during Book 3. 

A next question is whether these adjustments were calibrated to students’ reading performance 
and development. Although trainers did not explicitly direct teachers on how they should 
determine level adjustments, trainers suggested that teachers meet with each student regularly 
over the course of the year to discuss reading growth. Additionally, electronic reports for each 
student included responses to mandatory prompts and quizzes as progress was made through a 
novel. Each book contained 4–6 quizzes, consisting of 10-multiple choice items: 5 fact recall 
questions, 2 vocabulary questions, and 3 inference questions (Tom Snyder Productions, 2006). 
The difficulty of each quiz was standardized across levels (i.e., not tailored to levels of support). 

To examine how students’ level of support might be related to their progress, we examined the 
relationship between students’ final level of support and average quiz scores for each book. 
Findings are presented in Table 3.6. These correlational analyses demonstrate a positive and 
statistically significant relationship between students’ level of support and their average quiz 
scores. With a few exceptions, students who finished each book at higher levels generally had 
higher average quiz scores. Caution is warranted in interpreting data for students who ended at 
Levels 4 and 5 given the small number of students at each of these levels. One possible 
explanation for the positive associations between students’ final level of support and their 
average quiz scores for each book is that teachers could have been calibrating students’ levels of 
support according to their performance.  
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Table 3.6 Thinking Reader Use, by Level of Support for Each Book and Average Quiz (for Intervention Students Who 
Used the Software) 

First book 
Quiz score 

Second book Third book 

Final level Number Mean 
Standard 
deviation Number Mean 

Standard 
deviation Number Mean 

Standard 
deviation 

1 
2 

3 
4 
5 
Total 

834 
189

76
6 
6 

1,111

65.84 
 75.75 

 72.16 
74.00 
72.33 

 68.04 

0.16 
0.13 

0.14 
0.16 
0.10 
0.16 

579 
261

176 
25
11

1,052

64.11 
 70.96 

75.40 
 80.44 
 71.73 

 68.17 

0.17 
0.14 

0.14 
0.08 
0.14 
0.16 

312 
90 

46
34
14
496 

65.39 
68.26 

 69.22 
 76.97 
 76.93 

67.38 

0.20 
0.19 

0.19 
0.14 
0.13 
0.19 

Pearson’s 
correlationa 0.19 p = .00 0.28 p = .00 0.17 p = .00 

Note: A total of 158 students were without usable student progress reports and/or data from class worklogs. Calculations do not account for 
the clustering of students by teacher or teacher by school. 
aPearson’s correlation is the correlation between average quiz score and final level for each book. Spearman’s correlation was also 
calculated: Book 1, 0.25 (p value of .00); Book 2, 0.30 (p value of .00); and Book 3, 0.17 (p value of .00). 
Source: Student progress reports and data from class worklogs from Thinking Reader software collected by study team. 

Summary. Although students in the treatment group accessed the Thinking Reader software 
program within the expected range of total days of use, their overall time spent using the program, 
as measured by total minutes, was lower than the time suggested by trainers. Additionally, these 
total minutes spent using the program were diffused across a larger number of weeks for Books 1 
and 2 than expected, potentially resulting in less concentrated usage than advised by program 
trainers. Book completion rates were also lower than expected and dropped substantially from 
Book 1 to Book 3, with less than 1 in 10 students completing Book 3. The study is limited in that 
actual take up of the intervention in the way the developer intended was low. 

With regard to level of support, teachers followed instructions to start students at Level 1 but did 
not advance the majority of students to higher levels (less support) that require more general use 
of the focal reading comprehension strategies in the Thinking Reader program. Also, at least 1 
out of 4 teachers did not make any adjustments to students’ levels of support for each book. 
When teachers made adjustments, they appeared to be associated to some extent with students’ 
average quiz scores. The data on program use are limited in that they do not capture the extent to 
which students made use of the software support features and do not capture the quality and 
depth of teacher implementation. The fact that the study was not designed to collect more in-
depth information on implementation is a limitation. 

Classroom Observations 

Adherence to three-phase instructional routine in intervention classrooms. The observers’ 
notes were examined to assess whether teachers applied the three-component instructional 
routine during the two observations. One expert coded each of the 61 Thinking Reader 
observations to tabulate how many components of the instructional routine were conducted 
(Table 3.7). A second expert reviewed the codes, agreeing with 99% of them (the pairwise 
Cohen’s kappa value was .98). 
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During 12 observations (20%), intervention teachers used all three components of the 
instructional routine. During 17 observations (28%), teachers completed two components of the 
instructional routine. During 12 of the 17, teachers conducted a prereading discussion before 
students logged in to Thinking Reader but did not engage in postreading activities. During 4 of 
these 17, teachers had students use Thinking Reader without a prereading discussion, but ended 
the class with a postreading activity. During 31 observations (51%), teachers used just one 
component, directing students to use the computer during the Thinking Reader portion of class 
without engaging in pre- or postreading discussions. 

Table 3.7 Number of Components of the Three-Phase Instructional Routine Used Across Observation Visits 
Observation visit None One Two Three 

First 0 14 10 8 
Second 1 17 7 4 
Total 1 31 17 12 
Source: Classroom observations conducted by the study team. 

Consistency in use of the three-phase routine across the first and the second observations was 
also examined, to see whether teachers as a group decreased or increased their use of the routine 
over the school year. Twenty-eight teachers who were observed during both visits were included 
in this analysis (56 observations). Overall, use of the routine decreased over the year. Sixteen 
teachers used the same number of routine components during the two visits. Of these, fewer than 
four teachers used the three-phase instructional routine during both observed classes, fewer than 
four teachers used two phases during each visit, and 10 teachers used one phase. The remaining 
teachers changed the number of routine components they used from one observation to the other 
(fewer than four increased and nine decreased).  

Whether teachers used the three-phase instructional routine more or less often during the school 
year compared to the class periods observed is unknown. Additionally, teachers observed using 
incomplete instructional routines might have covered the remaining components of the 
instructional routine during unobserved class periods. This practice would be consistent with the 
advice of trainers, who suggested that teachers with class time constraints or scheduling conflicts 
conduct components of the instructional routine over more than 1 day (B. Dalton, personal 
communication, April 12, 2010). For example, a teacher could conduct prereading activities and 
Thinking Reader instruction on 1 day, and postreading debriefing the next day.  

Nature of instruction in intervention and control classrooms. The analyses combined segment 
data across the first and second observations, for a total of 413 segments in the intervention 
condition and 433 segments in the control condition. This section outlines the data for each 
dimension of the Center for the Improvement of Early Reading Achievement (CIERA) Classroom 
Observation Scheme. Percentages were calculated by dividing the number of occurrences by the 
number of segments. Because more than one category (variable) could be observed in a segment, 
percentages do not total to 100. Chi-squared statistics were used to determine whether the 
distribution of categorical variables for each dimension differed statistically (α < .05) between 
intervention and control groups. 

Dimension 1: Provider of instruction. Statistically significant differences were found between 
intervention and control groups in the number of segments during which the main instructor was 
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the classroom teacher, the computer, a specialist, or an aide. During two segments, no one 
provided instruction; no statistically significant difference was found between the two groups for 
this variable (Table 3.8). 

Table 3.8 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 1: 
Provider of Instruction, by Study Condition 

Provider of instruction 
Intervention Control 

χ2(df = 1) p value Number Percent Number Percent 

Classroom teacher 335 81.1 430 99.3 80.81 .00 
Computer 337 81.6 3 0.7 575.61 .00
Specialist 79 19.1 13 3.0 56.72 .00 
Aide 23 5.6 9 2.1 7.08 .01
No one 0 0.0 2 0.5 1.91 .17 
Total 5-minute segments 413 433 
Note: Percentages do not sum to 100 because more than one type of instructor could be observed in each 5-minute segment. Analysis 

includes segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 


The intervention group (81.1% of segments) was less likely than the control group (99.3% of 
segments) to have the teacher as the main instructor and more likely (81.6%) than the control 
group (0.7%) to have the computer as the main source of instruction. The greater number of 
segments in which the computer was observed to be the main provider of instruction was likely 
due to the fact that Thinking Reader is a software intervention and observations of intervention 
classrooms were scheduled for times when classes would be using Thinking Reader. 

Compared with teachers and the computer, specialists and aides were observed providing 
instruction in fewer segments. However, they were more likely to be doing so in intervention 
classrooms (19.1% and 5.6% of segments) than in control group classrooms (3.0% and 2.1%). 

Dimension 2: Instructional groupings. Statistically significant differences between the 
intervention and control groups were found for the number of segments during which students 
were working in large groups, small groups, individually, or individually with the teacher (Table 
3.4). Control group students were more frequently observed to be working in large groups than 
were intervention group students (75.3% for control versus 23.2% for intervention), as well as in 
small groups (30.0% versus 5.3%). Intervention group students more frequently worked 
individually (83.8%) than control group students (35.8%). Similarly, intervention group students 
more frequently worked individually with the teacher (13.6%) than control group students 
(5.3%). No statistically significant difference was found between groups working in pairs (3.9% 
intervention versus 6.0% control). 

Intervention teachers did not engage in whole class/large group prereading discussion or 
postreading activities in 51% of the observations, which could account for the higher frequency 
of segments in which students worked individually (83.8% intervention versus 35.8% in the 
control) or individually with the teacher (13.6% intervention versus 5.3% control). 
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Table 3.9 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 2: 
Instructional Groupings, by Study Condition 

Intervention 
Instructional grouping Number Percent 

Whole class/large group 96 23.2 

Control 
Number Percent χ2(df = 1) p value 

326 75.3 229.02 .00 
Small group 22 5.3 130 30.0 87.47 .00 
Pairs 16 3.9 26 6.0 2.03 .15 
Individual 346 83. 8 155 35.8 201.50 .00 
Individual with teacher 
Total 5-minute segments 
Note: Percentages do not sum to 100

56 13. 6 
413 

 because more than one instructio

23 5.3 16.98 .00 
433 

nal grouping could be observed in a 5-minute segment. Analysis 

includes segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 


Dimension 3: Academic content focus. Statistically significant differences between groups were 
found in content focus for reading, other language-related content,23 and non-literacy-related 
academic content (Table 3.10). The intervention classes covered reading in more segments 
(95.6%) than control classes (87.8%). The control condition classes were more likely than the 
intervention conditions classes to cover other language-related content (4.6% versus 1.5%) and 
non-literacy-related content (4.9% versus 1.2%). In only one instance did an entirely nonacademic 
segment cross both groups, so no statistically significant differences existed between groups for 
that variable. No statistically significant difference was found between groups for content focused 
on composition/writing (3.9% intervention versus 6.2% control). 

The Thinking Reader intervention focuses academic content on reading, and intervention 
students used Thinking Reader during 83.1% of classroom observation segments (see results for 
Dimension 4). Control classrooms did not have a single common curricular component, such as 
Thinking Reader, that focused instruction so specifically. Although reading was a large academic 
content focus in control condition classrooms, the focus of instruction was more likely to fall 
across additional areas of literacy, such as writing or other language-related content. 

Table 3.10 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 3: 
Academic Content Focus, by Study Condition 

Intervention 
Academic content focus Number Percent 

Reading 395 95.6 

Control 
Number Percent χ2(df = 1) p value 

380 87.8 17.08 .00
Composition/writing process 16 3.9 27 6.2 2.44 .12 
Other language 6 1. 5 20 4.6 7.11 .01 
Other academic (not literacy) 5 1.2 21 4.9 9.40 .00 
Not academic 
Total 5-minute segments 
Note: Percentages do not sum to 100 bec

0 0.0 
413 

ause more than one academic focus c

1 0.2 0.95 .33 
433 

ould be observed in a 5-minute segment. Analysis includes 

segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 


23 Examples are grammar, mechanics, oral expression, spelling, and handwriting. 
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Dimension 4: Instructional materials. Statistically significant differences were observed between 
intervention and control condition groups in all but three categories: use of hard-copy versions of 
novels in the Thinking Reader program, computer use other than Thinking Reader, and the not-
applicable category (Table 3.11). 

The only instructional material that was observed in more segments for the intervention group 
than for the control group was digital narrative text in the context of the Thinking Reader 
program (83.1% versus 0.0%). Ten other instructional material categories were observed in more 
segments for the control group than for the intervention group. For three categories, no 
statistically significant differences were found between the two groups: hard-copy versions of 
novels in the Thinking Reader program (15.3% intervention versus 17.3% control), computer use 
other than Thinking Reader (7.3% versus 4.9%), and the not-applicable category (0.5% versus 
1.9%). Thus, none of the control condition classrooms were observed using Thinking Reader in 
any segment, and compared with the intervention classrooms, the control classrooms used a 
wider variety of instructional materials across segments—perhaps because they did not have a 
common tool that restricted or focused the range of materials. 

Table 3.11 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 4: 
Instructional Materials, by Study Condition 

Intervention Control 
Instructional materials Number Percent Number Percent χ2(df = 1) p value 

Narrative text 
Thinking Reader novel, digital text 343 83.1 0 0.0 604.83 .00 
Thinking Reader novel, hard-copy 63 15.3 75 17.3 0.66 .42 
Textbook 4 1.0 42 9.7 31.34 .00
Other 15 3.6 171 39.5 158.48 .00

Informational text 
Textbook 2 0.5 25 5.8 19.14 .00
Other 1 0.2 31 7.2 27.79 .00

Other materials 
Computer, not Thinking Reader 30 7.3 21 4.9 2.17 .14 
Video/television/audio 0 0.0 7 1.6 6.73 .01 
Overhead projector 13 3.2 55 12.7 26.11 .00 
Student writing 24 5.8 65 15.0 19.01 .00 
Worksheet 98 23.7 257 59.4 110.15 .00
Board/chart/posters 28 6. 8 115 26. 6 58.88 .00 
Other 31 7.5 79 18.2 21.55 .00
Not applicable 2 0.5 8 1.9 3.36 .07 

Total 5-minute segments 413 433 

Note: Percentages do not sum to 100 because more than one item of instruction material could be observed in a 5-minute segment. 

Analysis includes segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 


Dimension 5: Literacy activities. Among the 15 literacy activities, all comparisons were 
statistically significant, except spelling activities (Table 3.12). 
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Compared with the control group, six literacy activities were observed in more segments for the 
intervention group: listening to connected text24 (80.9% intervention versus 25.9% control), 
vocabulary (41.4% versus 30.3%), higher level comprehension (88.6% versus 66.7%), 
metacognition (11.4% versus 5.3%), quiz/assessment (37.1% versus 5.3%), and worklog 
activities (47.5% versus 0.0%). 

Compared with the intervention group, eight literacy activities were observed in more segments 
for the control group: reading connected text (45.5% control versus 21.6% intervention), lower 
level comprehension (20.1% versus 10.4%), identification (25.4% versus 8.5%), text elements 
(15.2% versus 1.5%), language development (13.6% versus 2.7%), writing (13.4% versus 5.3%), 
word work (1.4% versus 0.0%), and other activities (45.7% versus 26.2%).  

These results suggest that observers witnessed the main elements of Thinking Reader in use. The 
frequencies of the “listening to connected text” variable indicate that students were using the 
text-to-speech feature of the software, which allows students to listen to text being read. The 
higher incidences of vocabulary, higher level comprehension, metacognition, and assessment 
codes in the intervention group likely reflect Thinking Reader’s built-in glossary, prompts to 
engage students in comprehension strategies, comprehension quick checks, and chapter quizzes. 
Worklogs, which are used to help assess student progress, are built into Thinking Reader and 
were not used by any students in the control condition. The range of literacy activities was 
broader in control classrooms than in intervention classrooms, reflecting the lack of a common 
curricular component that would focus literacy instruction on certain activities. 

Table 3.12 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 5: 
Literacy Activities, by Study Condition 

Literacy activity 
Intervention Control 

χ2(df = 1) p value Number Percent Number Percent 
Reading connected text 
Listening to connected text 
Vocabulary
Comprehension  

Lower level 
Higher level 

Identification 
Metacognition 
Text elements 
Language development 
Writing 
Word work 
Spelling 
Quiz/assessment
Worklog related 
Other 

89 
334 

 171 

43 
366 
35 
47 
6 

11 
22 
0 
3 

 153 
196 
108 

21.6 
80.9 
41.4 

10.4 
88.6 
8.5 

11.4 
1.5 
2.7 
5.3 
0.0 
0.7 
37.1 
47.5 
26.2 

197 
112 
131 

87 
289 
110 
23 
66 
59 
58 
6 
3 
23 
0 

198 

45.5 
25.9 
30.3 

20.1 
66.7 
25.4 
5.3 
15.2 
13.6 
13.4 
1.4 
0.7 
5.3 
0.0 

45.7 

54.17 
256.58 
11.45 

15.23 
57.87 
42.66 
10.26 
51.62 
33.47 
16.07 
5.76 
0.00 

129.20 
267.46 
35.09 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.02 

.95 

.00 

.00 

.00 
Total 5-minute segments 413 433 
Note: Percentages do not sum to 100 because more than one literacy activity could be observed in a 5-minute segment. Analysis 
includes segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 





24 Connected text refers to reading sentences and passages, as opposed to reading at the word level. 
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Dimension 6: Teacher’s interaction style. Statistically significant differences were found on all 
seven categories of teacher interaction except discussion (Table 3.13). Intervention teachers were 
observed in more segments than control teachers in telling or giving information (96.6% 
intervention versus 87.8% control); modeling, coaching, or scaffolding (63.9% versus 57.0%); 
reading aloud (80.6% versus 25.9%); and assessing (61.0% versus 12.2%).  

For two of these categories, the teacher interaction styles converge with patterns of findings for 
Dimension 5: Compared with control teachers, the intervention teachers—including computers— 
did more reading aloud and more assessing, which is consistent with the listening to connected 
text and assessment findings for literacy activities. 

In more segments, control group teachers used recitation (68.6% control versus 22.0% 
intervention) and other styles of interaction (71.1% versus 47.5%). 

Table 3.13 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 6: 
Teacher’s Interaction Style, by Study Condition 

Intervention 
Teacher’s interaction style Number Percent 

Telling or giving information 399 96.6 

Control 
Number Percent χ2(df = 1) p value 

380 87.8 22.70 .00 
Recitation 91 22.0 297 68.6 184.54 .00 
Discussion 5 1.2 5 1.2 0.01 .94 
Modeling, coaching, or scaffolding 264 63.9 247 57.0 4.18 .04 
Reading aloud 333 80.6 112 25.9 254.26 .00 
Assessment 252 61.0 53 12.2 218.14 .00 
Other 
Total 5-minute segments 
Note: Percentages do not sum to 100 becaus

196 47.5 
413 

e teachers could be observed using m

308 71.1 49.19 .00 
433 

ore than one style in a 5-minute segment. Analysis 

includes segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 


Dimension 7: Expected student response. Statistically significant differences were found 
between the intervention and control groups in all expected student responses except 
manipulating (Table 3.14). In more segments, more students in the intervention group than in the 
control group were expected to read (68.3% intervention versus 52.4% control), listen (98.1% 
versus 90.5%), write (80.4% versus 54.7%), and use another response (63.0% versus 14.1%).  

These differences may again reflect Thinking Reader elements and findings for other 
dimensions. That intervention students were expected to read and listen in more segments than 
control students is consistent with the intervention and with the findings on listening to 
connected text and working individually. The expectation for writing is consistent with the 
program prompts to write responses to computerized strategy questions and quizzes and with the 
assessment findings for literacy activities.  

For more segments, control group students were expected to talk (79.0% control versus 29.5% 
intervention). Intervention group students might have had fewer opportunities to talk if they 
spent many observation segments working individually on the computer. 
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Table 3.14 Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Dimension 7: 
Expected Student Response, by Study Condition 

Intervention Control 
Student response Number Percent Number Percent χ2(df = 1) p value 
Reading 282 68.3 227 52.4 22.17 .00 
Talking 122 29.5 342 79.0 208.67 .00 
Listening 405 98.1 392 90.5 21.98 .00 
Writing 332 80.4 237 54.7 63.17 .00 
Manipulating 0 0.00 18 4.2 17.54 .00 
Other 260 62.9 61 14.1 214.37 .00
Total 5-minute segments 413 	 433 
Note: Percentages do not sum to 100 because more than one type of expected student response could be observed in a 5-minute segment.

Analysis includes segments from both classroom observations for each teacher. 

Source: Classroom observations conducted by study team. 


Study Limitations 

Caution should be exercised in interpreting the observation data for the following reasons:  

•	 Only a subset of classrooms was observed. These classrooms might not have been 
representative of every classroom in the sample. 

•	 No videotaped lessons of Thinking Reader classrooms were available for observer training. 
Observers were trained to use the protocol for both intervention and control classrooms by 
observing face-to-face classroom activities that did not involve sustained computer use. 
Observers were trained to look for the range of codes that applied specifically to Thinking 
Reader activities, but the study team did not formally assess inter-rater reliability among 
observers for the intervention condition. 

•	 The CIERA measure captured whether particular practices occurred during observation 
segments, but the CIERA codes do not reflect the quality of instruction. Observers 
documented behavior but did not evaluate its quality. This is especially true for Thinking 
Reader classrooms; the data do not reveal much about the specific use of the software and do 
not allow for conclusions on whether students or teachers made “the best” use of the 
software. 

•	 When observers called to schedule their visits to classrooms, they asked to see “typical” 
Thinking Reader instruction and “typical” reading instruction in control classes; however, 
observers could not confirm that activities on those days were indeed typical. 

•	 As specified by the CIERA measure, the codes at Dimension 7 represent expected student 
responses to teacher interaction (Dimension 6), not the actual observed student response. 

The observations were designed to capture more than general or prevailing classroom activities. 
Codes were recorded for every applicable literacy activity during a segment even if just one 
student was engaged in the activity, which could occur when students are self-paced and working 
individually—such as during Thinking Reader computer instruction.  

The CIERA measure attempts to capture the activities and interactions of students in a classroom 
(even if these vary), and observers were encouraged to walk around the classroom to capture 
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possible differences in instruction. However, the data are limited by the inability to capture what 
every student is doing all the time during a classroom observation. 

Summary 

The program usage data gathered by the electronic worklogs indicate that the intensity of the 
intervention was weaker and more diffuse than recommended. Students used the Thinking Reader 
program for fewer minutes per week on average than the recommended 110–165 minutes—60 
minutes (Book 1), 56 minutes (Book 2), and 42 minutes (Book 3). The average number of weeks 
per book—8.3 weeks (Book 1), 7.1 weeks (Book 2), and 1.7 weeks (Book 3)—also differed from 
the recommended 4–6 weeks. 

Two classroom observations were conducted during the course of the school year for a subset of 
classrooms. Data from these indicate that intervention teachers did not follow the recommended 
three-phase instructional routine in 80% of the observed lessons. The observations found 
statistically significant differences between the intervention and control conditions on 47 of 57 
measured classroom variables, indicating that the use of Thinking Reader altered the instruction 
observed in the intervention and control groups. 
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Chapter 4. 
Impact Results and Sensitivity Analysis 

This chapter describes the results of the impact analysis and the sensitivity analyses conducted to 
determine how much the impact estimates depended on the assumptions made. Members from 
the AIR evaluation study team conducted all analyses; the software developer and distributor had 
no role in this phase of the study. 

Impact Results 

The results presented here are based on an intent-to-treat analysis, using the original 
randomized and eligible sample. The intent-to-treat approach of “as randomized, as analyzed” 
uses the complete dataset and avoids bias that might be caused by removing cases that do 
not reflect program implementation as intended. 

The tables display the standard errors and p values for each impact estimate. The standard error 
indicates the magnitude of the uncertainty about the true mean of each impact, given the number 
of schools, teachers, and students in the analysis. The p value indicates the chance of obtaining 
an impact as large as the estimated impact if no true impact existed. Results are considered 
statistically significant if the observed p value is lower than .025, indicating a less than 5% 
chance of obtaining the estimated impact if no true program effect existed. Multilevel models 
acknowledging clustered data structures were used to estimate the intervention’s effect (see 
Appendix C3 for a detailed description of the three-level impact model). 

Table 4.1 displays the regression-adjusted group means, by study condition, for reading 
vocabulary and reading achievement—the two primary research questions about the effect of 
Thinking Reader on student achievement. The intervention and control group students attained 
similar gains from pretest to posttest on the two primary outcomes as demonstrated by the lack of 
statistically significant differences between the groups, the inclusion of zero in each of the 95% 
confidence intervals, and the small effect sizes. 

Although the 32 schools were located in three states and varied in demographic characteristics, 
none of the parameters capturing the variation in treatment effects across schools was 
statistically significant. The estimate for the treatment variance for the Gates-MacGinitie 
Reading Tests (GMRT) was 12.16 (p value of .09) for the reading vocabulary subtest and 17.50 
(p value of .30) for the reading comprehension subtest. These results indicate that intervention 
effects did not vary enough from the average intervention effect across schools for the difference 
to reach statistical significance. The multilevel model results for the GMRT reading vocabulary 
subtest and the GMRT reading comprehension subtest are presented in Table C3.1 in Appendix 
C3. 
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Table 4.1 Reading Achievement Posttest Scores, by study Condition 
Primary outcomes: 
Gates-MacGinitie 
Reading Tests 
extended scale scores 

Intervention 
(n = 1,286) 

Control 
(n = 1,121) 

Estimated 
impact 

(standard 
error) p value 

95% 
confidence 
intervala 

Effect 
bsize  Number Mean Number Mean 

Reading vocabulary 1,156 515.75 991 516.99 –1.24 (1.31) .35 –4.17 to 1.69 –0.04 
Reading comprehension 1,154 507.42 986 506.52 0.90 (1.72) .61 –2.95 to 4.75 0.03 
Note: This table presents regression-adjusted means. 
aThe 95% confidence interval is adjusted for multiple comparisons and uses the critical value of z = 2.24. 
bStandardized difference is computed by using the following pooled standard deviation of posttest: reading vocabulary, 34.86; reading 
comprehension, 33.70. 

 Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team.

Similarly, no statistically significant differences were found between groups for the 
Metacognitive Awareness of Reading Strategies Inventory (MARSI) and Motivation for Reading 
Questionnaire (MRQ) measures, which address the two ancillary research questions about the 
effect of Thinking Reader on students’ approaches to reading. Table 4.2 displays the regression-
adjusted group means by condition for the two measures. Again, the intervention effect did not 
vary significantly between conditions. The estimated treatment variance is 0.01 (p value of .33) 
for the MARSI and 0.00 (p value of .14) for the MRQ. The multilevel model results for the 
MARSI and MRQ are shown in Table C3.2 in Appendix C3.  

Table 4.2 Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire Posttest 
Scores, by Study Condition 

Intervention Control Estimated 
(n = 1,286) (n = 1,121) impact 95% 

(standard confidence Effect 
a Ancillary outcomes Number Mean Number Mean error) p value interval size

Reading strategies: MARSI 1,181 3.09 1,020 3.09 –0.00 (0.04) .99 –0.08 to 0.08 –0.00 
(1–5 scale) 
Reading motivation: MRQ  1,183 2.76 1,025 2.77 –0.01 (0.03) .62 –0.06 to 0.04 –0.03 
(1–4 scale) 
Note: This table presents regression-adjusted means. MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is 
Motivation for Reading Questionnaire. 
aStandardized difference is computed by using the following pooled standard deviation of posttest: MARSI, 0.73; MRQ, 0.50. 
Source: MARSI and MRQ surveys administered by study team. 

Results of Sensitivity Analyses 

Several sensitivity analyses were conducted to determine how much the impact estimates 
presented in Tables 4.1 and 4.2 depended on the assumptions made. The direction and magnitude 
of the treatment effects and the overall conclusions did not change under the following 
conditions: using multiple imputation of missing data, modeling treatment as a fixed effect, using 
a two-level impact model, reducing the sample to one classroom per teacher, and removing 
students whose teachers left the study at the beginning of the implementation period. See 
Appendix D for detailed information. 



Chapter 5. 

Exploratory Analysis 


This chapter presents the exploratory analyses that investigate whether the impact of the 
Thinking Reader intervention varied for different subgroups of students. The subgroups of 
students we examined were formed on the basis of baseline achievement and motivation to read 
measures. We answer the following four exploratory research questions: 

1.	 Does the effect of Thinking Reader on students’ reading vocabulary vary according to their 
baseline reading vocabulary scores? 

2.	 Does the effect of Thinking Reader on students’ reading comprehension vary according to 
their baseline reading comprehension scores? 

3.	 Does the effect of Thinking Reader on students’ reading vocabulary vary according to their 
baseline reading motivation scores? 

4.	 Does the effect of Thinking Reader on students’ reading comprehension vary according to 
their baseline reading motivation scores? 

The outcomes of interest for these exploratory research questions are the vocabulary and 
comprehension subtests of the Gates-MacGinitie Reading Tests (GMRT) that served as the 
achievement measures for the primary research questions.  

Exploratory Questions 1 and 2 investigate whether the impacts on the primary outcomes 
(vocabulary and comprehension) varied for subgroups of students formed on the basis of 
baseline measures of these outcomes. While a subgroup analysis of this sort is important to 
explore for a wide variety of interventions, it is particularly appropriate for Thinking Reader 
because the program intends to provide differentiated support to students with different skill 
levels. Helping teachers monitor progress and facilitating teachers’ individualization of 
instruction based on student skills are distinct features of the Thinking Reader program. As 
described in Chapter 3, teachers can customize the amount of program support given to each 
student. Exploratory Research Questions 1 and 2 are especially important empirical questions 
because the literature lacks evidence to indicate whether an intervention like Thinking Reader 
might be more or less beneficial for students with lower or higher baseline achievement scores.  

Exploratory Research Questions 3 and 4 examine whether impacts on the primary outcomes 
varied for subgroups of students formed on the basis of a baseline measure of reading 
motivation, as measured with the Motivation for Reading Questionnaire (MRQ). In theory, an 
interactive software program might be motivating for adolescent readers, but strong evidence 
does not exist to indicate whether an intervention like Thinking Reader might be more or less 
beneficial for students with lower or higher self-reported baseline motivation levels. 

For the exploratory analyses, we partitioned the baseline achievement scores into subgroups. The 
sample was divided into three groups representing the lowest, middle, and highest achieving 
tertiles. The sample of students with baseline achievement scores was split into tertiles (as opposed 
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to quartiles or quintiles) to avoid having cells with very small sample sizes.25 We calculated the 
power of these analyses and minimum detectable effect size, and these calculations are presented 
in Appendix E. 

In order to discover any non-linear effect of the treatment across the baseline achievement score 
distribution, we used subgroups rather than the continuous score distribution for these analyses. 
By partitioning the pretest scores into tertiles and generating interaction between the tertiles and 
the intervention indicator, we allowed the effect of the intervention to be conditional on the 
baseline achievement scores and different in each tertile. This specification is more flexible than 
using the continuous form of the pretest score and could produce more relevant findings in light 
of the main impact results.26 For example, the intervention could be ineffective for the majority 
of students (and could drive the overall results) but the subgroup results may be able to detect a 
non-zero effect on a smaller subset of students.  

When the intervention indicator is interacted with the continuous form of the baseline 
achievement scores, this specification tests, on average, whether the effect of the intervention 
varies linearly as a function of the baseline achievement scores. Thus, the intervention could 
have a non-zero effect in certain parts of the baseline scores distribution but not in others, and 
those different effects would not be detected. 

To ensure that the subgroups created using baseline achievement are distinct from the subgroups 
created using baseline motivation, we explored the correlation between these baseline measures. 
These correlations are positive and statistically significant, although not large in magnitude. The 
correlation between the pretest vocabulary and pretest MRQ scores is .105, and the correlation 
between pretest comprehension and pretest MRQ scores is .156. The magnitudes of these 
correlations indicate that, at baseline, students who performed higher on achievement measures 
are not necessarily the same students who reported higher motivation to read. This means that 
Questions 3 and 4 are not simply variations of Questions 1 and 2. 

Analytic Approach 

Similar to the main impact models and because of the study research design and hierarchical data 
structure (students nested within teachers and teachers nested within schools), a three-level 
multilevel model using listwise deletion samples was used to estimate the exploratory research 
questions. This section describes in more detail the analyses used to answer each of the 
exploratory research questions. 

Exploratory Research Questions 1 and 2. To address research Questions 1 and 2, we generated 
dummy indicators capturing whether each student’s baseline achievement score was in the 
lowest, middle, or highest tertiles of the pretest score distribution. For each outcome, tertiles 
were generated using information from all of the students with pretest score data.27 The 

25 The original power analysis was not calculated to accommodate dividing the sample into subgroups. 
26 When interaction effects are tested with continuous baseline achievement scores, this tests whether, on average, 
the effect of the intervention varies linearly as a function of the baseline achievement scores. Thus, the intervention 
could have a non-zero effect in certain parts of the baseline scores distribution but not in others, and those 
differential effects would not be detected. 
27 The stata command used to generate the tertiles xtile includes within each tertile the upper bound values of the 
tertile (intervals are defined as semi-closed). Therefore, Tertiles 1 and 2 include the upper bound values that 
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indicators distinguishing students in the lowest and middle tertiles were included in the Level 1 
equation, using the dummy indicator capturing students in the highest tertile as the reference 
group. To determine whether impacts on the primary outcomes varied for subgroups of students 
formed on the basis of baseline measures of these outcomes, cross-level interaction products 
between the lowest tertile and the treatment indicator and between the middle tertile and the 
treatment indicator were included in Level 2. The multilevel equations are presented in Appendix 
E. Table 5.1 presents descriptive statistics of the baseline reading achievement pretest scores by 
tertile. 

Table 5.1 Reading Achievement Pretest Scores, by Baseline Achievement Tertile28 

Standard 
Baseline achievement tertiles N Percent Mean deviation Minimum Maximum 
Reading vocabulary 

Tertile 1 808 33.84 467.55 17.93 367 486 
Tertile 2 822 34.42 501.64 7.87 490 514 
Tertile 3 758 31.74 539.61 22.34 517 653 

Reading comprehension 
Tertile 1 879 36.81 468.52 16.4 396 488 
Tertile 2 725 30.36 501.55 6.83 491 512 
Tertile 3 784 32.83 537.07 19.24 516 652 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 

Exploratory Research Questions 3 and 4. To address Exploratory Research Questions 3 and 4, 
we created indicators capturing whether each student’s baseline motivation to read score was in 
the lowest, middle, or highest tertiles of the distribution. The indicators distinguishing students in 
the lowest and middle tertiles were included in the Level 1 equation, using the dummy capturing 
students in the highest tertile as the reference group. To explore whether impacts on the primary 
outcomes varied for subgroups of students formed on the basis of the baseline motivation to read 
measure, cross-level interaction products between the lowest tertile and the treatment indicator 
and between the middle tertile and the treatment indicator are included in Level 2. Table 5.2 
shows the descriptive statistics of the baseline motivation to read measure by baseline reading 
motivation tertile. 

Table 5.2 Motivation to Read Pretest Scores, by Baseline Reading Motivation Tertile29 

Standard 
Baseline motivation tertiles N Percent Mean deviation Minimum Maximum 
Tertile 1 799 33.47 2.31 0.32 1.19 2.67 
Tertile 2 808 33.85 2.89 0.11 2.67 3.08 
Tertile 3 780 32.68 3.33 0.19 3.08 3.96 
Source: Motivation for Reading Questionnaire survey administered by study team. 

represent the cumulative percentages of 33% and 66%, respectively. For example in the case of the reading 
vocabulary pretest, the cumulative percentage of 29.9% obtained scores of 483 or lower. The cumulative percentage 
up to the subsequent score of 486 is 33.84%. The upper bound of Tertile 1 includes the score of 486. In the section 
that describes the sensitivity analysis, we also defined the upper bound of the tertiles’ intervals as open.
28 The descriptive statistics presented in this table are based on all of the students with pretest achievement scores. 
29 The descriptive statistics presented in this table are based on all of the students with pretest motivation to read 
scores. 
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Exploratory Impact Results 

In this section we present two sets of results. The first results show whether the Thinking Reader 
impacts on each tertile are statistically different from each other. The second results reveal 
whether tertile impacts are statistically different from zero. 

Exploring whether tertile impacts differ from each other. Table 5.3 presents the estimated 
interaction effect coefficients for all four exploratory research questions, computed using the 
multilevel models described in Appendix E. This table also displays the standard error, p value, 
and 95% confidence interval for each of the interaction terms.  

Results indicate that 11 of the 12 contrasts are not statistically significant (see Table 5.3). The 
only significant contrast suggests that Thinking Reader had a positive effect for Tertile 1 (lowest 
achieving group) relative to the effect on Tertile 2 (middle achieving group) equal to 5.77, 
p = .03. This significant interaction reveals that the subgroup impacts of Tertiles 1 and 2 are 
different from each other and captures the fact that the direction of the effect of Thinking Reader 
is positive in Tertile 1, and negative in Tertile 2, as described in the next section. 

Table 5.3 Interaction Estimates Obtained From Multilevel Models 

Research 
question 

Primary outcomes: 
Gates-MacGinitie 

Reading Tests extended 
scale scores Contrast 

Estimated 
interaction effect 
(standard error) p value 

95% 
confidence 
intervala 

Subgroups of students formed on the basis of baseline achievement 
Q1 Reading vocabulary Tertile 1 vs. Tertile 3 

Tertile 2 vs. Tertile 3 
Tertile 1 vs. Tertile 2 

Q2 Reading comprehension Tertile 1 vs. Tertile 3 
Tertile 2 vs. Tertile 3 
Tertile 1 vs. Tertile 2 

Subgroups of students formed on the basis of baseline motivation 
Q3 Reading vocabulary Tertile 1 vs. Tertile 3 

Tertile 2 vs. Tertile 3 
Tertile 1 vs. Tertile 2 

Q4 Reading comprehension Tertile 1 vs. Tertile 3 
Tertile 2 vs. Tertile 3 
Tertile 1 vs. Tertile 2 

3.19 (2.57) 
–0.32 (2.42) 
3.51 (2.51)b 

2.69 (2.69) 
–3.07 (2.65) 
5.77 (2.69)b 

–1.15 (2.13) 
0.43 (2.06) 

–1.58 (2.09)b 

–2.37 (2.50) 
–2.04 (2.42) 
–0.33 (2.45)b 

.21 

.90 

.16

.32 

.25 

.03 

.59 

.84 

.45

.35 

.40 

.89

–1.85 to 8.23 
–5.06 to 4.42 

 –1.41 to 8.43 
–2.58 to 7.96 
–8.26 to 2.12 
 0.50 to 11.04 

–5.32 to 3.02 
–3.61 to 4.47 

 –5.68 to 2.52 
–7.27 to 2.53 
–6.78 to 2.70 

 –5.13 to 4.47 
aThe 95% confidence interval is not adjusted for multiple comparisons and uses the critical value of 1.96. 

bThe standard error for this contrast was obtained by changing the reference group from Tertile 3 to Tertile 2 in the multilevel model. 
Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 





Exploring whether tertile impacts differ from zero. To interpret the interaction coefficients 
presented in Table 5.3, we computed the estimated treatment impact for each tertile and tested 
whether the tertile impacts were statistically different from zero. Table 5.4 presents the adjusted 
posttest means by study condition and for each tertile separately. Table 5.4 also includes the 
estimated impact, its standard error, p value, and 95% confidence interval. The estimated impact 
presented in Column 8 represents the regression of posttest score on the treatment indicator at 
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different tertiles.30 The results in Table 5.4 reveal that the direction of the effect of Thinking 
Reader on Tertile 1 (lowest achieving group) was positive but not statistically significant. The 
coefficients for treatment are 2.58 (SE = 1.91) for reading vocabulary and 2.15 (SE = 2.22) for 
reading comprehension. In achievement Tertiles 2 and 3, the direction of the estimated Thinking 
Reader effect was negative, but again, neither was statistically significant. The Tertiles 2 and 3 
effects are –0.93 (SE = 1.79) and –0.61 (SE = 1.85) for reading vocabulary, and –3.61 
(SE = 2.22) and –0.54 (SE = 2.19) for reading comprehension. For reading comprehension, the 
positive and negative effects of Thinking Reader on Tertiles 1 and 2 produced the statistically 
significant interaction described in Table 5.3.  

For the tertiles formed on the basis of baseline motivation to read scores, the estimated effects of 
the Thinking Reader intervention were in a negative direction and not statistically different from 
zero. 

Table 5.4 Reading Achievement Adjusted Posttest Scores, by Study Condition and Subgroups of Students Formed on 
the Basis of Baseline Achievement and Motivation to Read Scores  

Research 
question 

Primary 
outcomes: 

Gates-
MacGinitie 

Reading Tests 
extended scale 

scores Tertile 

Intervention 
(n = 1,286) 

Control 
(n = 1,121) Estimated 

impact 
(standard 

error)a t value p value 

95% 
confidence 
intervalbNumber Mean Number Mean 

Subgroups of students formed on the basis of baseline achievement 
Q1 Reading Tertile 1 425 461.38 383 458.8

vocabulary 
Tertile 2 460 483.99 362 484.92 

Tertile 3 391 516.05 367 516.66 
Q2 Reading Tertile 1 489 459.29 390 457.14

comprehension 
Tertile 2 370 474.83 355 478.44 

Tertile 3 421 505.91 363 506.45 
Subgroups of students formed on the basis of baseline motivation to read scores 

Q3 Reading Tertile 1 438 512.50 357 514.78 
vocabulary 

Tertile 2 418 515.10 387 515.80 

Tertile 3 412 515.89 363 517.02 
Q4 Reading Tertile 1 440 502.15 355 503.73 

comprehension 
Tertile 2 420 505.30 386 506.55 

Tertile 3 414 507.43 362 506.64

 2.58 (1.91) 

–0.93 (1.79) 

–0.61 (1.85) 

 2.15 (2.22)

–3.61 (2.22) 

–0.54 (2.19) 

–2.28 (1.62) 

–0.70 (1.60) 

–1.13 (1.61) 

–1.58 (2.06) 

–1.25 (2.04) 

 0.79 (2.04)

1.35 

–0.52 

–0.33 

 0.97 

–1.63 

–0.25 

–1.41 

–0.44 

–0.70 

–0.77 

–0.61 

 0.39 

.18 

.60 

.74 

.33 

.10 

.81 

.16 

.66 

.48 

.44 

.54 

.70 

–1.16 to 6.32 

–4.44 to 2.58 

–4.24 to 3.02 

–2.20 to 6.50 

–7.96 to 0.74 

–4.83 to 3.75 

–5.46 to 0.90 

–3.84 to 2.44 

–4.29 to 2.03 

–5.62 to 2.46 

–5.25 to 2.75 

–3.21 to 4.79 
Note: The table presents regression-adjusted means.



aStandard errors were calculated using this formula: SEb = [VAR(treat_coeff) + 2TertileZ*COV(treat_coeff, TertileZ_coeff) + TertileZ2

*VAR (tertileZ_coeff)]1/2where TertileZ takes the value of 1 for each of the three tertiles. The variance components for the coefficients 

used in this formula were obtained from the gamvc.dat file generated by HLM 6.8.

bThe 95% confidence interval is not adjusted for multiple comparisons and uses the critical value of 1.96. 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team.


The results presented in Table 5.4 are illustrated graphically in Figures 5.1, 5.2, 5.3, and 5.4 for 
Exploratory Research Questions 1, 2, 3, and 4, respectively.  

30 These effects were obtained by combining the estimates of the intercept, the treatment coefficient, the tertile’s 
coefficient, and the coefficients of the two interaction products. Results presented in Tables 5.3 and 5.4 for each 
outcome are obtained from the same multilevel model presented in Appendix E. 
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Figure 5.1 Adjusted Posttest Reading Vocabulary Score Means, by Study Condition and Achievement 
Tertile (Exploratory Research Question 1) 

Tertile 1 Tertile 2 Tertile 3 

Intervention Control 

Source: Gates-MacGinitie Reading Tests vocabulary subtest administered by study team. 
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Figure 5.1 illustrates that in Tertile 1, intervention students scored 2.58 points higher on the 
reading vocabulary posttest than control students, while in Tertiles 2 and 3, control students 
scored less than a point higher than intervention students. But again, none of these differences 
were statistically significant. 

Similarly for reading comprehension, Figure 5.2 illustrates that in Tertile 1, intervention students 
scored 2.15 points higher on the reading comprehension posttest than control students, while in 
Tertiles 2 and 3, control students scored 3.61 and 0.54 points higher than intervention students, 
respectively. Although these differences are not statistically significant, the difference in the 
direction of the treatment effect in comprehension for Tertile 1 (positive, in favor of 
intervention) and Tertile 2 (negative, in favor of control) yielded the statistically significant 
interaction described in Table 5.3 (see Table 5.3, row 6). 
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Figure 5.2 Adjusted Posttest Reading Comprehension Score Means, by Study Condition and 
Achievement Tertile (Exploratory Research Question 2) 
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Source: Gates-MacGinitie Reading Tests comprehension subtest administered by study team. 

Figures 5.3 and 5.4 present the adjusted posttest means for Exploratory Research Questions 3 
and 4. Differences presented in these graphs are not statistically significant.  
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Figure 5.3 Adjusted Posttest Reading Vocabulary Score Means, by Study Condition and 
Achievement Tertile (Exploratory Research Question 3) 
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Source: Gates-MacGinitie Reading Tests vocabulary subtest administered by study team. 



Figure 5.4 Adjusted Posttest Reading Comprehension Score Means, by Study Condition and 
Achievement Tertile (Exploratory Research Question 4) 
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Source: Gates-MacGinitie Reading Tests comprehension subtest administered by study team. 

The full multilevel model results for Exploratory Research Questions 1, 2, 3, and 4 are presented 
in Appendix E (see Tables E3.1 and E3.2). 

Summary of the Results 

In this chapter, we explored whether the Thinking Reader impacts were statistically different 
across subgroups defined by baseline reading comprehension and vocabulary scores and by a 
baseline motivation to read measure. We also looked at whether impacts for individual tertiles 
were statistically different from zero. 

Results from the multilevel analyses testing the exploratory research questions revealed that 11 
of 12 interactions tested across the four exploratory research questions were not significantly 
different from each other. None of the interaction terms formed between the intervention 
indicator and the baseline reading vocabulary achievement tertiles, and the baseline motivation 
to read tertiles was statistically significant. For the reading comprehension outcome, we found 
one statistically significant interaction (5.77, p = .03). This interaction revealed that the effect of 
the intervention was different for the lowest achieving group (Tertile 1) compared to the middle 
achieving group (Tertile 2) and results from the finding that in Tertile 1, intervention students 
performed 2.15 points higher than control students and in Tertile 2, control students 
outperformed intervention students by 3.61 points. However, the statistically significant 
interaction is difficult to interpret because it was found only for reading comprehension and for 
the contrast that compares the effect of the intervention between Tertiles 1 and 2. Because of the 
large number of post hoc analyses involved in the exploratory analyses, the statistically 
significant interaction may be due to chance. 
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Furthermore, when testing whether the impact effect of the intervention was different from zero 
in each tertile, we found that the Thinking Reader program had no statistically significant effects 
on any of the tertiles formed on the basis of pretest measures. 

These results reveal a lack of evidence supporting the hypothesis that the Thinking Reader 
program might have a differential impact across different subgroups of students formed on the 
basis of baseline achievement and motivation to read.  

Results of Exploratory Sensitivity Analyses 

We performed two sensitivity analyses to explore the robustness of the results to changes in the 
size and composition of the tertiles. For the sensitivity analyses, the tertiles were defined on the 
basis of the study sample (Sensitivity Analysis 1) and on an external benchmark used by the 
publisher of the Gates-MacGinitie Reading Tests (Sensitivity Analysis 2) (MacGinitie, 
MacGinitie, Maria, Dreyer, & Hughes, 2007).  

Results for Sensitivity Analysis 1 reveal similar findings to the exploratory impact results. The 
sign and magnitude of the interaction terms are very similar, although the magnitude of the point 
estimates obtained in Sensitivity Analysis 1 tend to be larger than the exploratory impact results. 
In Sensitivity Analysis 2, the exploratory impact results are no longer replicated. The difference 
in the distribution between the study sample and the sample used for test norming helps to 
explain why the results of the second sensitivity analysis are different from those found in the 
main exploratory analysis. Detailed information about these analyses is presented in Appendices 
E4 and E5. 
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Chapter 6. 
Summary of Key Findings 

This study indicates that Grade 6 students with teachers randomly assigned to use Thinking 
Reader for one school year performed no better on primary achievement outcomes of reading 
vocabulary and reading comprehension than students whose teachers followed the standard 
reading curriculum (a business-as-usual approach). The two groups also showed no statistically 
significant differences on two ancillary self-report surveys that measured the use of reading 
comprehension strategies and the motivation to read. The study results were robust to various 
assumptions that were made; the direction and magnitude of the intervention effects and overall 
conclusions did not change when sensitivity analyses were conducted. 

With regard to the exploratory research questions detailed in Chapter 5, the Thinking Reader 
program had no statistically significant effects on any of the subgroups formed on the basis of 
baseline achievement and motivation to read measures. In other words, these results confirmed 
the impact findings. Exploratory findings suggest that no strong evidence is available to support 
the hypotheses that the Thinking Reader program might have differential impact effects on 
students from different achievement and motivation to read subgroups. Eleven of 12 interactions 
tested across the four exploratory research questions were not statistically significant. For the 
reading comprehension outcome, we found one statistically significant interaction (5.77, 
p = .03). This interaction results from the fact that in the lowest tertile, intervention students 
performed 2.15 points higher than control students, and in the middle tertile, control students 
outperformed intervention students by 3.61 points. However, this statistically significant 
interaction is difficult to interpret because this finding was not replicated on any other contrast or 
outcome. Because of the large number of post hoc analyses involved in the exploratory analyses, 
this statistically significant interaction may be due to chance.  

The classroom observation data—conducted at two separate times on a subset of classrooms—
showed statistically significant differences between the intervention and control classrooms on 
47 of 57 measured classroom variables, indicating that when Thinking Reader was in use, the 
nature of instruction differed between the intervention and control groups during the period of 
classroom observation. However, the classroom observation data did not reveal more about why 
the software showed no effects. 

The software was not always used as intended by its developer. Students used the Thinking 
Reader program for fewer minutes per week, on average, than the recommended 110–165 
minutes—60 minutes for Book 1, 56 minutes for Book 2, and 42 minutes for Book 3. The 
number of weeks that students spent per book—on average 8.3 for Book 1, 7.1 for Book 2, and 
1.7 for Book 3—differed from the recommended 4–6 weeks. Teachers made limited adjustments 
to students’ levels of support in the books, with at least 1 out of 4 teachers not making any 
adjustments for each book. When teachers made adjustments, they appeared to be calibrated to 
some extent with students’ average quiz scores. Data on students’ specific navigation through 
and use of other specific program features were not available for analysis in this study. We also 
did not collect detailed information on the quality and depth of teacher implementation.  

This study was the first randomized controlled trial of Thinking Reader. It used randomization to 
create comparable groups at baseline and maintained the integrity of the randomization through 



the end of the study. The intent-to-treat analytical approach, which analyzes participants on the 
basis of how they are randomly assigned, yielded unbiased estimates. The lack of statistically 
significant, positive achievement effects contrasts with the findings of Dalton et al. (2002) in 
their quasi-experimental study of Thinking Reader and of other studies that have found 
statistically significant, positive effects with interventions that used reciprocal teaching or other 
strategy-based methods for targeting comprehension (e.g., National Institute of Child Health and 
Human Development, 2000; Rosenshine & Meister, 1994; Rosenshine et al., 1996).  

The study represents only one of the ways in which the program can be implemented in schools. 
Results of the study do not infer that the same results would be produced under other conditions. 
The results reported here apply to implementation of Thinking Reader software as a partial 
substitute for the regular curriculum used in a whole-group setting at Grade 6. Results also apply 
to a condition in which teachers were instructed to use the software for three books for 110–165 
minutes per week during a 4- to 6-week period when the books were being read. The use of a 
volunteer sample limits the study findings to the schools, teachers, and students in Connecticut, 
Massachusetts, and Rhode Island that participated in the study. Results should not be generalized 
beyond this sample. 
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Appendix A. Examples From the Thinking Reader Program 

The materials in this appendix provide screenshot examples from the Thinking Reader 
program. 

The Thinking Reader software provides five levels of scaffolding support for students. The 
screenshot examples illustrate how the support for one passage (Bridge to Terabithia, Chapter 2, 
passage 1) (Tom Snyder Productions, 2006a) differs from level to level. As students move from 
Level 1 to Level 4, they receive less guidance in their strategy questions, less context in the 
coach-provided think aloud, and fewer hints. By Level 5, students receive no coaching and 
choose their own strategy to apply to the passage. Exhibits A.1–A.7 present screenshots for each 
of the five levels. 

Exhibit A.1 Level 1 Screenshot, Close-Ended Feeling Strategy Prompt 

A hint and 
two coach 
think-alouds 
are provided. 

Source: Tom Snyder Productions (2006a). 
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Exhibit A.2 Level 2 Screenshot, Close-Ended Feeling Strategy Prompt 

A hint and 
one coach 
think-aloud 
are provided. 

Source: Tom Snyder Productions (2006a). 

Exhibit A.3 Level 3 Screenshots, Open-Ended Feeling Strategy Prompt and Context-Specific Think-Aloud Illustration 

A hint and one 
coach think-
aloud (context-
specific) are 
provided. 

Source: Tom Snyder Productions (2006a). 
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Exhibit A.4 Level 3 Screenshots, Open-Ended Feeling Strategy Prompt and Context-Specific Think-Aloud Illustration 
(continued) 

Source: Tom Snyder Productions (2006a). 

Exhibit A.5 Level 4 Screenshots, Open-Ended Strategy Prompt and General Think-Aloud Illustration 

A hint and one 
coach think-
aloud (context-
general) are 
provided. 

Source: Tom Snyder Productions (2006a). 
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Exhibit A.6 Level 4 Screenshots, Open-Ended Strategy Prompt and General Think-Aloud Illustration (continued) 

Source: Tom Snyder Productions (2006a). 

Exhibit A.7 Level 5 Screenshot, Free-Choice Strategy Prompt 

One hint is 
provided 

Source: Tom Snyder Productions (2006a). 
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Appendix B. Data Collection 

Appendix B provides information about data collection, including the assent forms 
(Appendix B1), and the student and teacher measures (Appendix B2)—including the actual 
measures for the Metacognitive Awareness of Reading Strategies Inventory (MARSI), the 
Motivation for Reading Questionnaire (MRQ), and the teacher background questionnaire. The 
information on the Center for the Improvement of Early Reading Achievement (CIERA) 
Classroom Observation Scheme (Taylor & Pearson, 2000; Taylor, 2004) and an example of 
CIERA narrative notes and codes are presented in Appendices B3 and B4. The power 
analysis is detailed in Appendix B5. 

B1. Informed Assent Procedure 

Student assent to complete Gates-MacGinitie Reading Tests, Metacognitive Awareness of 
Reading Strategies Inventory, and Motivation for Reading Questionnaire. To ensure that 
students were aware that taking the Gates-MacGinitie Reading Tests (GMRT), MARSI, and 
MRQ was voluntary, an assent form was distributed to each student and read aloud by an 
administrator before pre- and posttests were administered. The form is shown in Box B1.1. 

Box B1.1 Student Assent Form 

We are interested in learning more about how kids understand the books, articles, and other things they read in 
school. We would like to ask you to take a reading test and two short questionnaires. In the questionnaires, we ask 
you about how you feel about reading activities and how you try to understand what you are reading. 

Taking the test and surveys is voluntary. A student does not have to answer questions that he/she does not want to 
answer. Students can decide not to participate at any time without penalty. Results will be used only for research 
purposes and all results are kept strictly confidential. We will give each of you a study identification number in 
place of your names. The reports prepared for this study will summarize findings and will not link responses with a 
specific school or student. We will not provide information that identifies you or your school to anyone outside the 
study team, except as required by law. 

There are no known risks in participating in this study. Your participation in the study will be helpful in 
understanding how the Thinking Reader software program has an impact on students’ reading comprehension, 
motivation, and use of reading strategies. 

If you would like more information about answering these questions, call Kathryn Drummond at AIR toll free, at 
1-866-236-4285, or e-mail kdrummond@air.org. For questions about your rights as a participant, please contact the 
IRB Chair at IRBChair@air.org, or toll free at 1-800-634-0797. 

Teacher assent to complete background questionnaire. The cover page of the questionnaire 
informed teachers that answering the background questionnaire was voluntary. The text of the 
statement is shown in Box B1.2. 
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Box B1.2 Teacher Questionnaire Assent Statement 

Taking this background survey is voluntary. A teacher does not have to answer questions that he/she does not want 
to answer. Teachers can decide not to participate at any time without penalty. Results will be used only for research 
purposes and all results are kept strictly confidential. We will give each of you a study identification number in 
place of your names. The reports prepared for this study will summarize findings and will not link responses with a 
specific school or student. We will not provide information that identifies you or your school to anyone outside the 
study team, except as required by law. 

There are no known risks in participating in this study. Your participation in the study will be helpful in 
understanding how the Thinking Reader software program has an impact on students’ reading comprehension, 
motivation, and use of reading strategies. 

If you would like more information about answering these questions, call Kathryn Drummond at AIR toll free, at 
1-866-236-4285, or e-mail kdrummond@air.org. For questions about your rights as a participant, please contact the 
IRB Chair at IRBChair@air.org, or toll free at 1-800-634-0797. 

B2. Student and Teacher Measures 

Additional information about the Gates-MacGinitie Reading Tests. Level 6, Form S of the 
GMRT (used for the pretest) was vertically scaled using the Rasch model and transformed into 
extended scale scores. Level 6, Form T (used for the posttest) was equated to Form S through 
equipercentile equating (Riverside Publishing, personal communication, October 9, 2008). Each 
test form consisted of a vocabulary subtest and a comprehension subtest. The alternate forms 
reliabilities between Forms S and T are 0.87 for the vocabulary subtest and 0.82 for the 
comprehension subtest (MacGinitie, MacGinitie, Maria, & Dreyer, 2002). Kuder-Richardson 
Formula 20 values were used to assess internal consistency. For each subtest (vocabulary and 
comprehension), for both forms (S and T), and for fall and spring, the values ranged from 0.90 to 
0.92 (MacGinitie et al., 2002). 

Riverside, the publisher of the GMRT, scored the student answer sheets and provided the derived 
scores that were used in the impact analyses. Riverside’s scoring department marks answers as 
incorrect if they are left blank, are illegible, or contain multiple responses. 

Additional information about the Metacognitive Awareness of Reading Strategies 
Inventory. The 30-item MARSI is shown in Box B2.1. MARSI scores are computed by 
averaging the 30 items; scale scores range from 1 (“I never or almost never do this”) to 5 (“I 
always or almost always do this”). Cronbach’s alpha for the MARSI was 0.94 at the pretest and 
0.93 at the posttest (similar to Cronbach’s alphas obtained for Grade 6 students in the original 
validity study, Mokhtari & Reichard, 2002). A minimum of 20 MARSI items were required to 
compute a valid score (67% of the 30-item scale). Nineteen students at the pretest (0.79%) and 
fewer than four students at the posttest (0.13%) completed fewer than 20 MARSI items. 
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Box B2.1 The Metacognitive Awareness of Reading Strategies Inventory (MARSI) 

Directions: Listed below are statements about what people do when they read academic or school-related 
materials, such as textbooks or library books. 

Five numbers follow each statement (1, 2, 3, 4, 5), and each number means the following: 

• 1 means “I never or almost never do this.” 
• 2 means “I do this only occasionally.” 
• 3 means “I sometimes do this” (50% of the time). 
• 4 means “I usually do this.” 
• 5 means “I always or almost always do this.” 

After reading each statement, circle the number (1, 2, 3, 4, or 5) that applies to you using the scale provided. Please 
note that there are no right or wrong answers to the statements in this inventory. 

• I have a purpose in mind when I read. 
• I take notes while reading to help me understand what I read. 
• I think about what I know to help me understand what I read. 
• I preview the text to see what it’s about before reading it. 
• When text becomes difficult, I read aloud to help me understand what I read. 
• I summarize what I read to reflect on important information in the text. 
• I think about whether the content of the text fits my reading purpose. 
• I read slowly but carefully to be sure I understand what I’m reading. 
• I discuss what I read with others to check my understanding. 
• I skim the text first by noting characteristics like length and organization. 
• I try to get back on track when I lose concentration. 
• I underline or circle information in the text to help me remember it. 
• I adjust my reading speed according to what I’m reading. 
• I decide what to read closely and what to ignore. 
• I use reference material such as a dictionary to help me understand what I read. 
• When the text becomes difficult, I pay closer attention to what I’m reading. 
• I use tables, figures, and pictures in the text to increase my understanding. 
• I stop from time to time and think about what I’m reading. 
• I use context clues to help me better understand what I’m reading. 
• I paraphrase (restate ideas in my own words) to better understand what I read. 
• I try to picture or visualize information to help me remember what I read. 
• I use typographical aids like boldface and italics to identify key information. 
• I critically analyze and evaluate the information presented in the text. 
• I go back and forth in the text to find relationships among ideas in it. 
• I check my understanding when I come across conflicting information. 
• I try to guess what the material is about when I read. 
• When the text becomes difficult, I reread to increase my understanding. 
• I ask myself questions I like to have answered in the text. 
• I check to see whether my guesses about the text are right or wrong. 
• I try to guess the meaning of unknown words or phrases. 

Source: Mokhtari & Reichard (2002). 
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Additional information about the Motivation for Reading Questionnaire. A composite score 
based on 28 items of the MRQ was used as an overall, robust measure of reading motivation; 
internal consistency was 0.85 (Guthrie, Wigfield, Metsala, & Cox, 1999). Previous research 
found that the scales loaded onto three factors, generally mapping onto intrinsic aspects of 
motivation; extrinsic aspects of motivation; and competition, work avoidance, and lack of 
involvement. 

However, the factor analysis (principal components extraction, varimax rotation) revealed that 
items loaded onto a single factor. Cronbach’s alpha for the entire 52-item scale was high: 0.93 at 
the pretest and 0.94 at the posttest. To address missing data at the item level, a minimum of two-
thirds of the items (in this case, 35 of 52 MRQ items) were required to compute a valid score. 
Twenty students at the pretest (0.83%) and zero students at the posttest completed fewer than 35 
MRQ items. 

The MRQ items are rated on a four-point scale, from 1 (low motivation) to 4 (high motivation). 
They are shown in Box B2.2. Five items are negatively worded and were reversed before 
computing the composite score. 

Box B2.2 The Motivation for Reading Questionnaire (MRQ) 

We are interested in your reading. The sentences in this questionnaire describe how some students feel about 
reading. Read each sentence and decide whether it describes a person who is like you or different from you. There 
are no right or wrong answers. We only want to know how you feel about reading. For many of the statements, you 
should think about the kinds of things you read in your class. 

• If the statement is very different from you, circle a 1. 

• If the statement is a little different from you, circle a 2. 

• If the statement is a little like you, circle a 3. 

• If the statement is a lot like you, circle a 4. 

Remember, when you give your answers you should think about the things you are reading in your class. There are 
no right or wrong answers. We just are interested in YOUR ideas about reading. To give your answer, circle 
ONE number on each line. The answer numbers are right next to each statement. 

Let’s turn the page and start. Please read each of the statements carefully, and then circle your answer. 

• I visit the library often with my family 
• I like hard, challenging books. 
• I know that I will do well in reading next year. 
• I do as little schoolwork as possible in reading. (REVERSED) 
• If the teacher discusses something interesting, I might read more about it. 
• I read because I have to. 
• I like it when the questions in books make me think. 
• I read about my hobbies to learn more about them. 
• I am a good reader. 
• I read stories about fantasy and make-believe. 
• I often read to my brother, sister, friend, or relative. 
• I like being the only one who knows an answer in something we read. 
• I read to learn new information about topics that interest me. 
• My friends sometimes tell me I am a good reader. 
• I learn more from reading than most students in the class. 
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• I like to read about new things. 
• I like hearing the teacher say I read well. 
• I like being the best at reading. 
• I look forward to finding out my reading grade. 
• I sometimes read to my mother or father. 
• My friends and I like to trade things to read. 
• It is important for me to see my name on a list of good readers. 
• I don’t like reading something when the words are too difficult. (REVERSED) 
• I make pictures in my mind when I read. 
• I always do my reading work exactly as the teacher wants it. 
• I usually learn difficult things by reading. 
• I don’t like vocabulary questions. (REVERSED) 
• Complicated stories are no fun to read. (REVERSED) 
• I am happy when someone recognizes my reading. 
• I feel like I make friends with people in good books. 
• My mother or father often tells me what a good job I am doing in reading. 
• Finishing every reading assignment is very important to me. 
• I like mysteries. 
• I talk to my friends about what I am reading. 
• I like to get compliments for my reading. 
• Grades are a good way to see how well you are doing in reading. 
• I like to help my friends with their schoolwork in reading. 
• I read to improve my grades. 
• My mother or father asks me about my reading grade. 
• I enjoy a long, involved story or fiction book. 
• I like to tell my family about what I am reading. 
• I try to get more answers right than my friends. 
• If the project is interesting, I can read difficult material. 
• I enjoy reading books about people in different countries. 
• I read a lot of adventure stories. 
• I always try to finish my reading on time. 
• If a book is interesting, I don’t care how hard it is to read. 
• I like to finish my reading before other students. 
• I am willing to work hard to read better than my friends. 
• I don’t like it when there are too many people in the story. (REVERSED) 
• It is very important to me to be a good reader. 
• In comparison to other activities I do, it is very important to me to be a good reader. 

Note: Five items are negatively worded and were reversed before computing the composite score. 
Source: Wigfield & Guthrie (1997). 
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Teacher background questionnaire. Box B2.3 displays the teacher questionnaire, and Table 
B2.1 shows the frequencies of the teacher background questionnaire. 

Box B2.3 Teacher Questionnaire 

Education and professional certification 
What academic degree(s) do you hold? 
 Mark all that apply. 

○ No degree ○ Master’s degree 
○ Associate degree ○ Doctorate (e.g., Ph.D.) 
○ Bachelor’s degree ○ First professional degree (e.g., M.D., L.L.B., J.D., D.D.S.) 
○ Education specialist/professional diploma based on at least 1 year of work (e.g., credential, 6-year certificate) 

Which of the following describes the teaching certificate you currently hold? 
 Mark all that apply. 

○ Regular or standard certificate or advanced professional certificate 
○ Probationary certificate (issued after satisfying all requirements except the completion of a probationary period) 
○ Provisional or other type of certificate given to persons who are still participating in what the state calls an 

“alternative certification program” 
○ Temporary certificate (requires some additional college coursework, student teaching, and/or passage of a test 

before regular certification can be obtained) 
○ Waiver or emergency certificate (issued to persons with insufficient teacher preparation who must complete a 

regular certification program in order to continue teaching) 
○ I have received National Board Certification 
○ I am currently working toward National Board Certification 
○ I do not have any of the above certifications 
Are you endorsed or certified in any of the areas below? 
 Mark all that apply. 

○ Elementary Education ○ Early Childhood Education ○ Special Education 
○ English ○ Language Arts ○ Reading Specialist 
○ Foreign Language ○ Language Therapy ○ Speech Therapy 
○ English as a Second Language (ESL) or English for Speakers of Other Languages (ESOL) or English Language 

Learners (ELL) or Limited English Proficiency (LEP) 
○ Other (please specify): __________________________________________________ 

Counting this year, how many years have you taught as an elementary or secondary teacher? Include any full-time 
teaching assignments, part-time teaching assignments, and long-term substitute assignments. If less than 4 
months’ total experience, enter “0.” 

Number of years: _______________________________  
Counting this year, how many years have you taught as sixth-grade teacher? Include any full-time teaching 

assignments, part-time teaching assignments, and long-term substitute assignments in sixth grade. If less than 
4 months’ total experience, enter “0.” 

Number of years: _______________________________  

Current Classrooms 
Please think about all the English language arts sections you are teaching this year when answering the items in this 
section. 
How do your current classes compare to previous classes you have taught? 
 Mark only one bubble. 
○ Fewer students ○ More students ○ About the same number of students 
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How does the number of ELL students compare to the number of ELL students you have taught in previous classes?
 Mark only one bubble. 

○ Fewer students ○ More students ○ About the same number of students 

How does this number of special education students (with IEPs) compare to the number of special education 
students in your previous classes? 
 Mark only one bubble. 

○ Fewer students ○ More students ○ About the same number of students 
What is the sixth-grade core reading program or anthology? 

 ___________________________________________________________________________________  

 ___________________________________________________________________________________  

 
Table B2.1 Frequencies on Teacher Background Characteristics for Categories With Responses31, by Study Condition 

Characteristic 
Academic degree   

Associate 
Bachelor’s  
Master’s
Education specialist/professional 
diploma/first professional 

Teaching certificate 
Regular/standard/advanced 
professional 
Probationary/provisional 
National board/working toward 
national board 

Certification or endorsement area 
Elementary education 
Early childhood education 
Special education/English language 
learner 
English language arts/reading 
specialist 
Language therapy 
Other 

Intervention 
(n = 48) 

Control 
(n = 42) 

χ2 (df)a 

 
χ2 (1) = 1.79 

χ2 (1) = 0.79 

χ2 (1) = 1.03 

 

 

χ2 (1) = 1.29 

p value 

 
 

.18 

 

.37 
 

 

.31 
 

 

 
 

.26 

Number Percent 

≤3 ≤6.3 
48 100 

 37 77.1 

6 12.5 

45 93.8 
4 8.3 

≤3 ≤6.3 

46 95.8 
≤3 ≤6.3 

5 10.4 

9 18.8 
≤3 ≤6.3 
6 12.5 

Number Percent 

≤3 ≤7.1  
42 100 
27 64.3 

≤3 ≤7.1  

41 97.6 
≤3 ≤7.1  

≤3 ≤7.1  

38 90.5 
≤3 ≤7.1  

8 19.0 

4 9.5 
≤3 ≤7.1  
9 21.4 

Note: Results are based on 90 teachers. Percentages do not always sum to 100 because teachers could mark more than one answer per 
question. The calculation of the statistics does not account for the clustering of teachers by school. 
aNumbers in parentheses are degrees of freedom for chi-squared tests. Chi-squared statistics are not presented for characteristics when the 
frequency is below 15 or for bachelor’s degree (100% of teachers held this degree). 
Source: Teacher background questionnaire administered by study team. 

 

  

                                                 
31 Additional response categories were offered to teachers, but those not presented in this table had response frequencies of zero. 
In addition, some categories with low frequencies were combined for presentation in this table. 



B3. Adapted Center for the Improvement of Early Reading Achievement (CIERA) 
Classroom Observation Scheme Codes and Definitions 

Table B3.1 Adapted Center for the Improvement of Early Reading Achievement Classroom Observation Scheme Codes 
and Definitions 
Component Code Definition 
Dimension 1: Who (Who or what in the classroom is providing instruction/working with students?) 
Who 
Classroom teacher c Classroom teacher. 
Computer m Computer/software. 
Specialist s Reading teacher, Title 1 teacher, reading resource teacher, special education 

teacher, speech and language teacher, English language learner teacher, bilingual 
teacher, etc. 

Aide a Paraprofessional, instructional aide, parent volunteer. 
No one n No one is in the room, or no one is directly working with the students (e.g., students 

are working in their seats independently and no one is circulating). 
Not applicable 9 No instruction is occurring. 
Dimension 2: Groupings (What instructional groupings do you see?) 
Grouping 
Whole class/large 
group 

w All of the students present in the classroom or lab (except for one or two individuals 
who might be working with someone else). 

Small group s Students are working in groups of three or more students. If there are more than 10 
students in a group, call this large group. 

Pairs p Students are working in pairs. 
Individual i Students are working independently. 
Individual w/teacher it Student is working with the teacher (e.g., teacher–student conference). 
Other o Some other grouping practice is in place. 
Not applicable 9 No instruction is taking place. 
Dimension 3: Major Focus (What major academic area is being covered?) 
Major focus 
Reading r Reading, reading comprehension, writing in response to reading (where this is the 

major purpose for the writing), literature study, reading vocabulary, 
journal/worklog writing. 

Composition/ 
writing process 

w Writing for the purpose of expressing or communicating ideas (but not writing in 
which the major purpose is to respond to reading); learning how to write; writer’s 
workshop, creative writing, and report writing. 

Other language l Aspects of language arts other than the above (e.g. grammar, mechanics, oral 
expression, spelling, handwriting) not associated with reading text. 

Other (not literacy) o Focus is academic but not in literacy. 
Not academic 9 None of the above seems to apply; focus is not academic. 
Dimension 4: Materials 
Material 
Textbook tn 

ti 
School textbook (e.g., basal reader, anthology, social studies book). Distinguish 
between narrative (tn) and informational text (ti). 

Thinking Reader 
novel—hard copy 
version 

trb Thinking Reader novels—Roll of Thunder, Hear My Cry, Bridge to Terabithia, 
Tuck Everlasting, Bud, Not Buddy, Dragonwings, My Brother Sam Is Dead, 
Esperanza Rising, A Wrinkle in Time, and The Giver. 

Thinking Reader 
computer—digital text 

trc Thinking Reader software program. 

Other narrative text n Narrative text (e.g., narrative book, historical fiction, novel, poem, other trade 
book).  
Please note: Do not code “n” for Thinking Reader novels. 
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Other informational 
text 

i Informational book, reference book (encyclopedia, dictionary, etc.), newspapers, 
and magazines. 

Computer c Computers/laptops that are in the classroom or computer lab. 
Please note: Do not code Thinking Reader software program here. 

Video/television/audio Av Videos, television, DVDs, audiotapes, CDs, and listening center. 
Overhead projector op Overhead projector, opaque projector, LCD projector, and smartboard 
Student writing w Student writing (more than words or disconnected sentences) is being finished or in 

progress. Writing should be a paragraph or more of connected sentences. 
Worksheet s Worksheet, workbook page, sheets for one-word or one-sentence answers, blank 

sheet of paper, or graphic organizer (e.g., chart, map, Venn diagram). 
This does not include printed prompts for writing. 

Board/chart/posters b Board or chart is being used (e.g., chalkboard, whiteboard, pocket chart, hanging 
chart, poster, chart paper). 

Other o Something other than the above is being used—for example, flashcards, Post-it 
notes, highlighters (either markers or the computer highlighter), or manipulatives. 

Not applicable 9 None of the above seems to apply. 
Dimension 5: Literacy Activity 
Activity 
Reading connected text r Students are engaged in reading text. This includes silent reading, reading text on a 

computer, choral reading (even if not all students are participating), simultaneous 
oral reading, oral turn-taking reading, and repeated oral readings. 

Listening to connected 
text 

l Students are engaged in listening to text that the teacher or the computer is reading. If 
the teacher or the computer is reading to students, code as 1, even if the students are to 
be following along silently. 

Vocabulary v Students are engaged in discussing/working on word meaning(s), including using 
the glossary to look up word meanings in the dictionary or on the computer. This 
may include discussions of cognates, synonyms, antonyms, homonyms, 
homophones, homographs, classifying words, etc. 

Comprehension: Lower 
level  

ml Students are engaged in talking or writing about the meaning of text that is at a 
lower level of text interpretation. That is, students are asked to identify meaning 
that is explicitly stated in the text. The writing may be a journal entry about the text 
requiring a lower level of text interpretation or may be a fill-in-the-blank worksheet 
that is on explicit text meaning. 

Comprehension: 
Higher level 

mh Students are involved in talking or writing about the meaning of text that is 
engaging them in higher level thinking. This talking or writing about the text 
requires a higher level of text interpretation or goes beyond the text: generalization, 
application, evaluation, or aesthetic response. A student must go beyond a yes or no 
answer (e.g., in the case of an opinion or aesthetic response). 

Comprehension: 
Identification 

ci The teacher/computer and/or students are engaged in naming, defining, or pointing 
out a comprehension activity. Comprehension activities may include identifying the 
main idea and important details, determining cause and effect, distinguishing fact 
from opinion or reality from fantasy, identifying the author’s purpose or bias, 
sequencing, classifying, comparing, making predictions or connections, drawing 
conclusions or inferring, clarifying, summarizing, asking questions, or visualizing.  
This differs from ml and mh in that the specific comprehension activity is 
identified in an explicit manner (not simply done or practiced, as when a teacher 
asks students to make predictions in a text, without identifying the comprehension 
activity).  
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Comprehension: 
Metacognition 

cm The teacher and/or students are engaged in reviewing how, when, or why one might 
engage in a comprehension activity. Comprehension activities may include 
identifying the main idea and important details, determining cause and effect, 
distinguishing fact from opinion or reality from fantasy, identifying the author’s 
purpose or bias, sequencing, classifying, comparing, making predictions or 
connections, drawing conclusions or inferring, clarifying, summarizing, asking 
questions, or visualizing. 
This differs from ci in that it considers how one engages in the activity (e.g., 
how to identify the important details), why one might choose to engage in the 
activity (e.g., “We might visualize, or make pictures in our mind of what’s 
happening, to make sure we have a clear idea of what’s happening in the story”), or 
when one would find this activity most useful (e.g., “Distinguishing fact from 
opinion is important as you read about history, because everyone who writes about 
historical events has a particular perspective. So, it will be important to notice when 
people are writing their opinions and when they are writing facts about the 
mission”). 

Text elements te Attending to various elements of written text, including: mechanical/visual features, 
(punctuation, font, and mechanics); text level or genre structures, such as sequence, 
topic sentences, macro-level text grammar (plot, temporal sequence, cause-and­
effect, problems and solutions, genre); and literary devices (i.e., devices that authors 
use to convey meaning, nuance, and attitudes toward characters or other aspects of a 
text). Examples include foreshadowing, metaphor, symbolism, literary or historical 
allusions, point of view, tone, mood, and theme. 

Language development ld If the instruction is oral, code here; if in response to an element from a text, code 
as text elements. 
Teacher or computer is helping students attend to figurative language, such as 
metaphors, clichés, idioms; word-level linguistic structures, such as contractions 
and morphology; sentence-level linguistic structures, such as verb tense, subject-verb 
agreement, and parts of speech; pronunciation and articulation; or translating for the 
purposes of developing students’ language skills. 

Writing w Students are engaged in a writing activity. This includes students taking notes in 
response to a teacher’s lecture or while reading a text. Students may be copying 
notes.  

Word work ww Word identification: Students are focusing on identifying words. For example, the 
teacher is supplying a word when students get stuck during reading, or the teacher is 
reviewing words prior to reading. 

Word recognition strategy: Students are focusing on using of one or more strategies 
to figure out words while reading, typically prompted by the teacher or the 
computer. 

Spelling sp Students are focusing on how to spell word(s). 
Quiz/assessment q Students are taking a quiz or assessment.  
Worklog related wl Teacher and/or students are engaged in an activity related to the Thinking Reader 

worklog. Such activities include a teacher commenting on student worklogs, or 
students’ reviewing or reading their worklogs. 

Other o Literacy focus other than one of the above. 
Not applicable 9 None of the above seems to apply (i.e., no literacy activities are occurring in the 

classroom). 
Dimension 6: Teacher’s Interaction Style 
Interaction style 
Telling/giving 
information 

t Telling or giving students information or explaining how to do something. This may 
include paraphrasing text or translating to convey information. 
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Recitation r The teacher or the computer is engaging the students in answering questions or 
responding (question–answer–question–answer). The purpose primarily appears to 
be getting the students to answer the questions asked rather than engaging them in a 
discussion.  
When the dynamic is recitation, but the teacher is requesting elaborated responses 
from students, Level 6 would be coded as r and d. Also, recitation is coded if the 
teacher asks students to report their responses to a particular prompt to one or two 
neighbors. Teacher is clearly in control and managing turns. 

Discussion d Students are engaged in a discussion or conversation that is largely facilitated by the 
teacher. Students may respond to each other, but with the teacher’s mediation. 
Exchange may be teacher–student–student–student, rather than teacher–student– 
teacher–student. A midpoint between conversation and recitation, the teacher is in 
control and but not always managing turns. 

Modeling or 
coaching/scaffolding 

mcs Modeling: The teacher or computer is explicitly showing, demonstrating, or 
thinking aloud the steps of how to do something or how to do a process as opposed 
to simply explaining it (e.g., a teacher or computer models fluent reading after 
modeling word-by-word reading, and talks about the difference). When modeling is 
coded at Dimension 6, listening should be coded at Dimension 7. 
Coaching/scaffolding: The teacher or computer is coded as prompting/providing 
support, which will transfer to other situations as students are attempting to 
perform a strategy or activity or to answer a question. The teacher or computer’s 
apparent purpose is to foster independence to get a more complete action or to help 
students elaborate on an answer (rather than to simply get a student to answer a 
question).  

Reading aloud ra The teacher is reading aloud to the students. 
Assessment a The teacher is engaging in questioning, explaining, and providing directions for the 

purpose of assessing student performance. Typically this would involve 
recordkeeping or assigning students an earned grade. This also includes the teacher 
providing feedback on students’ worklogs. 

Other o Interaction style other than what is listed above. Listening or watching without 
giving feedback would be coded as o. 

Not applicable 9 If students are not working with the teacher or computer (i.e., no direct teacher– 
student interaction). 

Dimension 7: Expected Student Response 
Student response 
Reading r Students are to be reading, either silently or orally, from a book or text on the 

computer. Includes reading individually, in pairs, choral reading as a group, or 
simultaneous oral reading. 

Talking t Talking is coded whenever students are expected to respond orally (but are not 
reading) whether individually, one after another, to each other, or as a group (e.g., 
choral response). 

Listening l Typically listening is coded when the teacher is operating in some sort of 
presentational mode—telling students information, modeling, or reading aloud to 
the students (at Dimension 6). 
Do not code if students are reading, orally responding. 

Writing w Students are to be writing or typing words (including a spelling task), sentences, or 
paragraphs. 

Manipulating m Students are to be manipulating, using their hands (other than writing). 
Other o Some form of responding not listed above code. 
Not applicable 9 If students are not required to respond at all. 
a. The original CIERA classroom observation scheme (Taylor & Pearson, 2000; Taylor, 2004) refers to the coding areas as “levels.” This 
report calls them “dimensions” to avoid confusion with the discussion of levels of support in the Thinking Reader program. 
Source: Adapted from Taylor & Pearson, 2000; Taylor, 2004  
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B4. Example of Narrative Notes and Codes for an Observation Segment 

Box B4.1 Example of Narrative Notes and Codes for an Observation Segment From an Intervention Group Classroom 

Segment Start Time: 9:39 a.m. 

Total Number of Students in Class: 15 Total Number of Students On Task: 15 

Eight students are reading with the headphones on, using the blue highlighter read-aloud tool. 

Four students are responding to strategy prompts: Two students are completing a prompt using the Summarize 
strategy, one student is completing a prompt using the Prediction strategy, and one student is completing a prompt 
using the Feeling strategy. 

One student is using the peer coach, Justin, to help in completing the provided prompt. 

One student is using the dictionary. 

Two students are reading the teacher’s comments in their worklogs. 

The teacher is reading and responding to the students’ worklogs. 

Dimension 1 Dimension 2 Dimension 3 Dimension 4 Dimension 5 Dimension 6 Dimension 7 

Who Grouping Major Focus Materials Activity 
Interaction 
Style 

Student 
Response 

m, c i r trc l ra l 
mh t, mcs l, w, r 
v t, mcs l, r 

wl  a  o,  r  
Source: Classroom observations conducted by study team. 

B5. Power Analyses 

This section presents power analyses for the Thinking Reader study design based on baseline 
(pretest) counts. The precision of impact estimates is assessed by computing the minimum 
detectable effect size (MDES) based on a multisite cluster randomized design in which teachers 
are randomly assigned within schools. Teachers were randomly assigned to intervention and 
control conditions, so clustering was assumed to take place at the teacher level, although a 
teacher might have taught more than one classroom.32 

The following assumptions were made in the power calculations: 

•	 Power: 80%. 

•	 Statistical significance: p < 0.05, two-tailed test, lowered to 0.0125 due to multiple 
comparisons (simple Bonferroni corrections to adjust for four outcomes: reading vocabulary, 

32 Teachers who teach multiple classrooms were given more weight in the analysis because they represented larger 
clusters. On average, cluster size was larger in middle schools than in elementary schools. 
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reading comprehension, use of reading comprehension strategies, and motivation for 
reading).33 

• Intraclass correlation (ICC): 0.15 between teachers and 0.15 between schools.34 

• Covariate R-square: Three different values for simplicity assumed to be the same for student, 
class, and school levels. 
– 0.50 

– 0.60 

– 0.70 

• School sample size: 32 schools. 

• Teacher and student sample size: Using baseline counts, each school averaged 2.8 teachers. 
The power calculations assumed an average of three teachers per school. Based on pretest 
information, each classroom averaged 18.73 students. The power calculations assumed an 
average of 15 students per classroom at posttest, allowing for approximately 20% attrition. 

• Balance: Using baseline counts, the design is slightly imbalanced, with approximately 53% 
of the teachers and 54% of the students belonging to the intervention condition. This small 
imbalance was incorporated in the power calculations as 55% to 45% imbalance.  

Here, the statistical formula in which schools are treated as random effects is used (see equations 
below that define elements of the equations and make additional explicit assumptions): 

Var (Pooled Impact) =   

2σ 2ρ1(1− c3 )(1− R2 ) 2σ 2ρ2 (1− R2 ) 2σ 2 (1− ρ 2

+ 1 − ρ2 )(1− R )+  
s (.45s)k (.45s)kn

MDES = M (α, β, df) * var(impact)  
σ

where 

s is the total number of schools in the study sample. 

k is the number of classrooms in each school. 

n is the average number of students per classroom (including 20% attrition). 

σ2 is the variance of the outcome measure (assumed to be 1). 

ρ1 is the unconditional intraclass correlation between schools (without covariates). 
                                                 
33 When the power analyses were calculated, the intention was to correct for the four outcomes; however, in the final 
analyses, corrections were made for only the two primary outcomes: reading vocabulary and reading 
comprehension. 
34 Minimal guidance is available for choosing an ICC during power analysis for a cluster randomized trial. Schochet 
(2008) notes that depending on homogeneity of schools, ICCs typically range from 0.10 to 0.20 when dealing with 
standardized test scores. Following this lead, a 0.15 ICC was used. 



ρ2 is the unconditional intraclass correlation between teachers (without covariates). 

R2 is the proportion of the variance components at the school, classroom, and student levels, as 
explained by the student-level pretests. 

C3 is the correlation between the intervention and control group classroom means within a 
school. Using C3 = 0.97 implies, with a rho of 0.15, an effect size variance of 0.01 (or a standard 
deviation of 0.10). 

M (α, β, df) is the multiplier that translates the standard error into a minimum detectable effect 
estimate. It is equal to the t critical value for α (the significance level of the intended statistical 
test) plus the t critical value for β (the likelihood of detecting significant effects given a true 
effect of a particular size)—that is, the power of the test (multiplier = 3.51, df  = 30). 

With these assumptions, the MDES estimates are 0.24, 0.22, and 0.19, for R-squared values of 
0.50, 0.60, and 0.70, respectively. 
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Appendix C. Missing Data, Baseline Equivalence of the Analytic Sample, 
and the Impact Model 

This appendix contains information about missing data (Appendix C1) and baseline equivalence 
of the analytic sample (Appendix C2) and presents the impact model (Appendix C3). 

C1. Examining Patterns of Missing Data 

Table C1.1 presents the number and percentage of missing data in the Gates-MacGinitie Reading 
Tests (GMRT) outcomes, by study condition. It shows that the percentage of eligible students 
missing pretest reading vocabulary scores is 0.78% in the intervention group and 0.80% in the 
control group, and that the percentage of missing pretest reading comprehension scores is 0.47% in 
the intervention group and 1.16% in the control group. The percentage of students missing posttest 
reading vocabulary scores is 9.80% in the intervention group and 11.15% in the control group, and 
the percentage missing reading comprehension scores is 10.19% in the intervention group and 
11.33% in the control group. Differences between the intervention and control conditions in 
percentages of students missing pretest or posttest scores are not statistically significant. 

Table C1.1 Students Missing Reading Achievement Data, by Study Condition 

Intervention (n = 1,286) Control (n = 1,121) 
Primary outcomes: Gates-MacGinitie 
Reading Tests extended scale scores Number Percent Number Percent χ2 (df = 1) p value 

Pretest measures 

Reading vocabulary 10 0. 8 9 0.8 0.00 .94


Reading comprehension 6 0.5 13 1.2 3.67 .06


Posttest measures 

Reading vocabulary 126 9.8 125 11.2 1.17 .28 


Reading comprehension 131 10.2 127 11. 3 0.82 .37 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 

Table C1.2 presents the number and percentage of missing data for the ancillary outcomes, by 
study condition. At the pretest, the percentage of students missing Metacognitive Awareness of 
Reading Strategies Inventory (MARSI) scores is 0.62% in the intervention group and 0.98% in 
the control group, and the percentage missing Motivation for Reading Questionnaire (MRQ) 
scores is 0.86% in the intervention group and 0.80% in the control group. At the posttest, the 
percentages of students missing MARSI scores is 7.62% in the intervention group and 8.21% in 
the control group, and the percentage missing MRQ scores are 7.31% in the intervention group 
and 7.85% in the control group. None of the differences between the intervention and control 
conditions are statistically significant. 
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Table C1.2 Students Missing Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading 
Questionnaire Scores, by Study Condition 

Ancillary outcomes 

Intervention (n = 1,286) Control (n = 1,121) 

χ2 (df = 1) p value Number Percent Number Percent 
Pretest 

Reading strategies: MARSI 8 0.6 11 0.9 0.99 .32 
Reading motivation: MRQ 11 0.9 9 0.8 0.02 .89 

Posttest 
Reading strategies: MARSI 98 7.6 92 8.2 0.28 .60


Reading motivation: MRQ 94 7.3 88 7.9 0.25 .62


Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

Source: MARSI and MRQ surveys administered by study team. 


Because missing levels are below 1.17% for each pretest, the discussion here focuses on levels of 
missing data at posttest. The primary outcomes of reading vocabulary and reading 
comprehension have greater levels of missing posttest data (10.43% and 10.72%, respectively) 
than the ancillary outcomes of MARSI and MRQ (7.89% and 7.56%, respectively), which may 
be due in part to the availability of testing accommodations. MARSI and MRQ were read aloud 
to all students. However, accommodations for the GMRT reading vocabulary and reading 
comprehension subtests were provided on an individual basis and limited by staff availability. 
Sometimes accommodations could not be provided at posttesting even when they had been 
provided at pretesting. 

Student attrition, or students transferring out of the study schools during the year, accounts for 
65.34% of missing reading vocabulary posttests, 63.57% of missing reading comprehension 
posttests, 86.32% of missing MARSI posttests, and 90.11% of missing MRQ posttests.  

Student-, teacher-, and school-level characteristics were used to examine patterns of missing 
posttests for the student population as a whole and separately for both conditions. Of the 269 
students missing at least one of the four posttests, 93.31% were missing reading vocabulary, 
95.91% were missing reading comprehension, 70.63% were missing MARSI, and 67.66% were 
missing MRQ. Accordingly, “missing” is defined as missing any of the posttest measures. 

Results at the student level show systematic differences between students missing outcome 
measures and those with complete data. For example, Table C1.3 shows that 31.23% of all 
students missing a posttest had an individualized education program (IEP), compared with only 
7.67% of students without a missing posttest. This difference is statistically significant and 
means that students with an IEP were more likely to have a missing posttest than non-IEP 
students. This relationship holds true whether examining all students combined or the 
intervention and control conditions separately (see Tables C1.1 and C1.2).  

As shown in Tables C1.3–C1.5, other statistically significant student-level characteristics related 
to missing posttest data are age (students missing data were older) and GMRT pretest scores 
(students missing data had lower scores). The relationships between missing posttest data and 
reading motivation (students missing data had lower MRQ pretest scores) and gender (students 
missing data were more likely to be male) are statistically significant overall, but not for both 
intervention and control conditions separately (see Tables C1.3–C1.5).  
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In the overall sample, no statistically significant teacher-level characteristics were related to missing 
posttest data (see Table C1.3). However within the intervention group, students missing data were 
statistically significantly less likely to have a teacher with a master’s degree or higher (see Table 
C1.4). At the school level, statistically significant variables related to higher levels of missing 
posttest data included having 75% or more of students eligible for free or reduced-price lunch, 
having 50% or more Black students, and having less than 50% White students (see Table C1.3). 

Table C1.3 Patterns of Missing Posttests, by Student, Teacher, and School Characteristics: Intervention and Control 
Groups Combined 

Characteristic 

Not missing any 
posttest (n = 2,138) 
Number Percent 

Missing at least one 
posttest (n = 269) 

Number Percent 
Test 

statistica p value 
Student level 
Individualized education program 
English language learner 
Female 
Race/ethnicityb 

Black 
Asian 
Hispanic
White
Other race/ethnicity 

Mean age 
(standard deviation) 
Pretests 

Mean reading vocabulary score 
(standard deviation) 
Mean reading comprehension score 
(standard deviation) 
MARSI score  
(standard deviation) 
MRQ score 
(standard deviation) 

Teacher level 
Master’s degree or higher 
Mean years teaching 
(standard deviation) 
Mean years teaching Grade 6 
(standard deviation) 
School level 
Middle school 
Mean enrollment 
(standard deviation) 

cHigh poverty
dHigh English language learner

164 
209 

1,099 

268 
154 

 583 
 783 

327 
2,134

2,131

2,129

2,124

2,124

1,579 
2,138

2,138

1,391 
2,138

 738 
 770 

7. 7 
9. 8 
51.4 

12. 7 
7.3 
27.6 
37.0 
15.5 

 11.54 
(0.51) 

 503.72 
(33.81) 

 502.80 
(32.24) 

 3.17 
(0.68) 

 2.85 
(0.47) 

73.85 
 13.12 

(8.74) 
 7.44 

(5.88) 

65.06 
 617 

(227.55) 
34.52 
36.01 

84 
28 
112 

22 
7 
42 
65 
18 

258

257

259

264

263

189 
269

269

165 
269

120 
112 

31.2 
10.4 
41.6 

14.3 
4.6 
27.3 
42.2 
11.7 

 11.73 
(0.60) 

 489.22 
(30.33) 

 486.72 
(30.21) 

 3.16 
(0.77) 

 2.77 
(0.52) 

70.26 
 13.13 

(8.42) 
 7.11 

(5.40) 

61.34 
 632.96 

(227.80) 
44.61 
41.64 

χ2 (1) = 143.46 
χ2 (1) = 0.11 
χ2 (1) = 9.12 
χ2 (4) = 4.19 

t = –4.78 (.04) 

t = 6.57 (2.21) 

t = 7.63 (2.11) 

t = 0.09 (.04) 

t = 2.42 (.03) 

χ2 (1) = 1.58 
t = –0.01 (.56) 

t = 0.88 (.38) 

χ2 (1) = 1.45 
t = –1.08 (14.72) 

χ2 (1) = 10.61 
χ2 (1) = 3.25 

.00 

.74 

.00 

.38 

.00 

.00 

.00 

.93 

.02 

.21 

.99 

.38 

.23 

.28 

.00 

.07 
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Not missing any 
posttest (n = 2,138) 

Missing at least one 
posttest (n = 269) Test 

statistica p value Characteristic Number Percent Number Percent 
Race/ethnicity 

More than 50% Black, non-
Hispanice 

More than 50% Hispanice 

More than 50% White, non-
Hispanice 

110

425 
1,052 

 5.14 

19.88 
49.20 

29 

67 
110 

10.78 

24.91 
40.89 

χ2 (1) = 13.95 

χ2 (1) = 3.72 
χ2 (1) = 6.61 

.00 

.05 

.01 

Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

aNumbers in parentheses are standard errors (for t-statistics) or degrees of freedom (chi-squared). We used Levene’s test (1960) to assess

the equality of variance assumption across the two groups. 

b2,115 students were not missing race/ethnicity data and not missing any posttest; 154 were missing at least one.

cDummy indicator equals 1 if the percentage of students eligible for free or reduced-price lunch is 75% or higher, and 0 otherwise. 

dDummy indicator equals 1 if the percentage of English language learner students (those classified as English as a second language or 

limited English proficient) is 10% or higher, and 0 otherwise. 

eDummy indicator equals 1 if the percentage of students of the given race/ethnicity is 50% or more, and 0 otherwise. 

Source: Student rosters completed by study teachers; student self-report section on Gates-MacGinitie Reading Tests (GMRT) administered 
by study team; GMRT vocabulary and comprehension subtests administered by study team; MARSI and MRQ surveys administered by 

study team; teacher background questionnaire administered by study team; Connecticut Department of Education (n.d. c); Massachusetts 

Department of Education (n.d. b); Rhode Island Department of Education (n.d. b).





Table C1.4 Patterns of Missing Posttests, by Student and Teacher Characteristics: Intervention Group Only 
Not missing any posttest 

(n = 1,149) 
Missing at least one 

posttest (n = 137) Test 
statistica p valueCharacteristic Number Percent Number Percent 

Student level 
Individualized education program 
English language learner 
Female 
Race/ethnicityb 

Black
Asian 
Hispanic 
White 
Other race/ethnicity 

Mean age 
(standard deviation) 
Pretests 

Mean reading vocabulary score 
(standard deviation) 
Mean reading comprehension score 
(standard deviation) 
MARSI score 
(standard deviation) 
MRQ score 
(standard deviation) 

120 
80 

587 

 138 
70 

324 
420 
186 

1,147

1,147

1,148

1,143

1,142

10.4 
6.9 

51.1 

12.1 
6.2 

28.5 
36.9 
16.3 

 11.55 
(0.52) 

 503.73 
(32.52) 

 501.82 
(32.15) 

 3.18 
(0.65) 

 2.84 
(0.46) 

44 
9 

62 

12 
4 

22 
35 
5 

132 

129 

132 

135 

133 

32.1 
6.6 

45.3 

15.4 
5.1 
28.2 
44.9 
6.4 

11.70 
(.60) 

487.93 
(30.18) 
485.99 
(29.14) 

3.20 
(0.77) 
2.76 

(0.51) 

χ2 (1) = 51.67 
χ2 (1) = 0.03 
χ2 (1) = 1.67 
χ2 (4) = 6.58 

t = –2.80 (.05) 

t = 5.27 (3.00) 

t = 5.41 (2.93) 

t = –0.30 (.07) 

t = 1.75 (.05) 

.00 

.86 

.20 

.16 

.01 

.00 

.00 

.77 

.08 
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Not missing any posttest Missing at least one 
(n = 1,149) posttest (n = 137) Test 

Characteristic Number Percent Number Percent statistica p value
Teacher level 
Master’s degree or higher 905 78.76 95 69.34 χ2 (1) = 6.28 .01 
Mean years teaching 1,149 12.95 137 12.74 (8.24) t = 0.27 (.78) .79

(standard deviation) (8.66)

Mean years teaching grade 6 1,149 7.81 137 7.26 t = 0.99 (.55)
 .32 
(standard deviation) (6.11) (5.76) 
Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

aNumbers in parentheses are standard errors (for t-statistics) or degrees of freedom (for chi-squared). We used Levene’s test (1960) to 

assess the equality of variance assumption across the two groups. 

b1,138 students were not missing race/ethnicity data and not missing any posttest; 78 were missing at least one posttest. 

Source. Student rosters completed by study teachers; student self-report section on Gates-MacGinitie Reading Tests (GMRT) administered 

by study team; GMRT vocabulary and comprehension subtests administered by study team; MARSI and MRQ surveys administered by 

study team; teacher background questionnaire administered by study team. 


Table C1.5 Posttest Missing Patterns, by Student and Teacher Characteristics: Control Group Only 
Not missing any Missing at least one 
posttest (n = 989) posttest (n = 132) 

Characteristic Number Percent Number Percent Test statistica p value
Student level 
Individualized education program 44 4.4 40 30.3 χ2 (1) = 112.30 .00 
English language learner 129 13.0 19 14.4 χ2 (1) = 0.19 .67 
Female 512 51.8 50 37.9 χ2 (1) = 8.99 .00 
Race/ethnicityb χ2 (4) = 2.29 .68 

Black 130 13.3 10 13.2 
Asian 84 8.6 3 3.9 
Hispanic 259 26.5 20 26.3 
White 363 37.2 30 39.5 
Other race/ethnicity 141 14.4 13 17.1 

Mean age 11.53 11.75 
(standard deviation) 987 (0.50) 126 (0.60) t = –4.00 (.06) .00 
Pretests 

Mean reading vocabulary score 503.70 490.52 
(standard deviation) 984 (35.27) 128 (30.54) t = 4.04 (3.27) .00 
Mean reading comprehension score 503.95 487.48 
(standard deviation) 981 (32.32) 127 (31.39) t = 5.42 (3.04) .00 
MARSI score 3.16 3.13 
(standard deviation) 981 (0.70) 129 (0.77) t = 0.42 (.07) .67 
MRQ score 2.86 2.77 
(standard deviation) 982 (0.47) 130 (0.53) t = 1.70 (.05) .09 
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Not missing any Missing at least one 
posttest (n = 989) posttest (n = 132) 

Characteristic Number Percent Number Percent Test statistica p value
Teacher level 
Master’s degree or higher 674 68.10 94 71.21 χ2 (1) = 0.51 .48 
Mean years teaching 13.33 13.54 
(standard deviation) 989 (8.82) 132 (8.60) t = –0.25 (.82) .80 
Mean years teaching Grade 6 7.01 6.94 
(standard deviation) 989 (5.57) 132 (5.01) t = 0.13 (.51) .90 
Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 
a. Numbers in parentheses are standard errors (for t-statistics) or degrees of freedom (for chi-squared). We used Levene’s test (1960) to 

assess the equality of variance assumption across the two groups. 

b. 997 students were not missing race/ethnicity data and not missing any posttest; 76 were missing at least one posttest is 76. 
Source: Student rosters completed by study teachers; student self-report section on Gates-MacGinitie Reading Tests (GMRT) administered 
by study team; GMRT vocabulary and comprehension subtests administered by study team; MARSI and MRQ surveys administered by 
study team; teacher background questionnaire administered by study team. 

C2. Baseline Equivalence of the Analytic Sample 

Tables C2.1–C2.3 present the baseline characteristics of the analytic sample (students without 
any missing posttests, N = 2,138). Similar to the patterns found in examining the entire study 
sample, the differences in percentages of English language learner students and students with an 
individualized education program (IEP) were the only statistically significant differences found 
between the intervention and control conditions. Again, the intervention group had a larger 
percentage of students with IEPs, and the control group had a larger percentage of English 
language learner students (see Table C2.3). The test statistics included in the tables do not 
account for the clustering of students nested within teachers or schools.  

Table C2.1 Reading Achievement Pretest Scores of Students Without Missing Posttest Data, by Study Condition 
Primary outcomes: Gates- Intervention (n = 1,149) Control (n = 989) 
MacGinitie Reading Tests Standard Standard p 
extended scale scores 
Reading vocabulary 
Reading comprehension 
aNumbers in parentheses are stand

Number Mean deviation 

1,147 503.74 32.52 

1,148 501.82 32.15 
ard errors of the differences between the 

Number Mean deviation 

984 503.70 35.27 

981 503.95 32.32 
two means for each t-statistic. We use

t-statistica 

–0.02 (1.47) 

1.52 (1.40) 
d Levene’s test (1960) to 

value 

.98 


.13




assess the equality of variance assumption across the two groups. 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 


Table C2.2 Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire Pretest 
Scores of Students Without Missing Posttest Data, by Study Condition 

Intervention (n = 1,149) Control (n = 989) 
p Standard Standard 

Ancillary outcomes Number Mean deviation Number Mean deviation t-statistica value 

Reading strategies: MARSI 1,143 3.18 0.65 981 3.16 0.70 –0.80 (.03) .42 
Reading motivation: MRQ 1,142 2.84 0.46 982 2.86 0.47 0.76 (.02) .45 
Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

aNumbers in parentheses are standard errors of the differences between the two means for each t-statistic. We used Levene’s test (1960) to 

assess the equality of variance assumption across the two groups. 

Source: MARSI and MRQ surveys administered by study team. 
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Table C2.3 Characteristics of Students Without Missing Posttest Data, by Study Condition 

Characteristic 
Intervention (n = 1,149) 
Number Percent 

Control (n = 989) 
Number Percent χ2 (df)a p value 

Female
Race/ethnicityb 

Black
Asian
Hispanic 
White 
Other race/ethnicity

Individualized education program
English language learner

 587 

 138 
 70 

324 
420 

 186 
 120 

 80 

51.1 

12.1 
6.2 
28.5 
36.9 
16.3 
10.4 
6.9 

512 

130 
84 
259 
363 
141 
44 
129 

51.8 

13.3 
8.6 
26.5 
37.2 
14.4 
4. 5 
13.0 

χ2 (1) = 0.10 
χ2 (4) = 6.88 

χ2 (1) = 26.97 
χ2 (1) = 22.28 

.75 

.14 

.00 

.00 
Note: No data are missing for female, individualized education program, or English language learner variables. 
aNumbers in parentheses are degrees of freedom for chi-squared tests.
bRace/ethnicity was missing in 23 cases (11 in the intervention group and 12 in the control group). 
Source: Student self-report section on Gates-MacGinitie Reading Tests administered by study team; student rosters completed by study teachers. 

C3. Three-Level Impact Model 

The multilevel model accounts for student and teacher sources of variability in the outcomes. 
Because the sample consists of a series of schools in which both intervention and control 
conditions are implemented, each block or school can be viewed as a mini-experiment. To 
account for the variability attributable to the randomization within different schools, a random-
effects approach was used to model the schools as Level 3 clusters in the multilevel model. Thus, 
any heterogeneity in the treatment impact across schools is modeled as a random effect. 

This three-level specification explores whether the treatment effect varies across the 32 schools 
(and if so, by how much) or remains relatively stable and homogeneous across schools. 
Heterogeneity of treatment effect across schools would not be surprising considering that schools 
can vary in terms of background characteristics of students and teachers, quality of 
implementation, and many other factors that can reduce or magnify the effects of the program 
(Seltzer, 2004). 

Model specification. This section shows the three models used in the analysis. 

Level 1 (between-student, within-teacher and school model) 

Yijk = π0jk + π1jk (Pretestijk – Pretest...) + π2jk (IEPijk – IEP...) + π3jk (ELLijk – ELL...) + εijk, 

where εijk ~ N(0, σ2) 

Level 2 (between-teacher, within-school model) 

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master.k) + β03k (Exp_lowjk – Exp_low.k) 

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk, where U0jk ~ N(0, τπ00) 

π1jk = β10k 

π2jk = β20k 

π3jk = β30k 
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Level 3 (between-school model)  
β00k = γ000 + γ001 (Hlunchk – Hlunch.) + γ002 (Midsizek – Midsize.)  

+ γ003 (Lsizek – Lsize.) + V00k 

β01k = γ010 + V01k 

β02k = γ020  

β03k = γ030  

β04k = γ040  

β10k = γ100  

β20k = γ200  

β30k = γ300  

⎛Vwhere      ⎜ 00k ⎞ ⎡⎛0⎞ ⎛τ τ ⎞⎤
⎟ ~ ⎢⎜ ⎟ ⎜ β 00 β 01

⎜ ⎟ N2 ⎟⎜ ⎟, ⎟⎝V ⎜ ⎥
01k ⎠ ⎢⎣⎝0⎠ ⎝τ β10 τ β11 ⎠⎦⎥  

Yijk represents the posttest outcome score (reading vocabulary, reading comprehension, 
Metacognitive Awareness of Reading Strategies Inventory [MARSI], or Motivation for Reading 
Questionnaire [MRQ]) for student i in teacher j’s class in school k. 

 
In the Level 1 model, the student outcome score is modeled as a function of the following 
student characteristics: pretest score, English language learner (ELL) status, and special 
education status. These covariates improve precision of the impact estimate and adjust for the 
English language learner and special education differences between conditions shown in Table 
2.7 (see Bloom, Richburg-Hayes, & Black, 2005). 

The Individualized Education Program (IEP) variable35 takes a value of 1 for students with 
special education status and 0 otherwise. Likewise, the ELL covariate takes a value of 1 for 
students who are ELLs and 0 otherwise. Thus, π2jk and π3jk capture the difference between special 
education students and non-special education students and ELL and non-ELL students in teacher 
j’s class in school k, respectively.  

Student characteristics are centered on the grand mean so that π0jk represents the adjusted mean 
score for teacher j in school k. Analogous to the analysis of covariance model, this centering 
method adjusts for preexisting differences in student characteristics. 

The term εijk is a random error term that is assumed to be normally distributed with mean 0 and 
constant variance σ2. 

In the Level 2 model, the adjusted mean outcome score π0jk for teacher j in school k is modeled as 
varying randomly across teachers. The coefficient of the treatment indicator β01k (intervention 
group teachers take a value of 1, and control group teachers take a value of 0) is the key 
                                                 
35 In the equations in the report, IEP refers to students receiving special education and related services. 



parameter of interest and captures the expected difference in achievement between intervention 
and control conditions in school k, holding constant the other covariates of the model. This is the 
intent-to-treat estimate. 

To increase the precision of Level 2 estimates and control for imbalances in teacher 
characteristics (see Table 2.8), the Level 2 model adjusts for the teacher’s education level and 
years of teaching experience. The Master dummy variable takes a value of 1 for teachers with a 
master’s degree or higher (doctorate, education specialist, or professional degree) and 0 
otherwise.36 Similarly, the covariates Exp_low and Exp_Med capture whether the teacher has 
fewer than 4 years or between 4 and 20 years of teaching experience, respectively, when 
compared with teachers with more than 20 years of experience.37 

The Level 2 covariates are centered within each school. Therefore, the treatment estimate 
captures the pooled within-school relationship between the intervention and achievement 
outcomes. By doing group mean centering, intervention and control teachers within the same 
school can be compared with each other, thus mirroring the way randomization was 
implemented. 

U0jk is a random effect associated with teacher j’s classroom in school k and is assumed to be 
normally distributed with mean 0 and variance τπ00. 

In the Level 3 model, the average outcome β00k and the intervention effect in each school β01k are 
modeled as random effects.  

In the equation for the average outcome in each school, the parameter γ000 captures the average 
achievement mean for the population of schools, and the covariate Hlunch is a dummy variable 
equal to 1 if the percentage of students eligible for free or reduced-price lunch is higher than 
74% and 0 otherwise.38 Furthermore, the covariates Msize and Lsize are dummy variables that 
take the value of 1 if student enrollment at the school falls between 440 and 575 or if enrollment 
is more than 575 students, respectively, when compared with schools with enrollment sizes 
fewer than 440 students.39 The Level 3 covariates are grand mean centered. 

V00k is a random effect assumed to be normally distributed with variance τβ00. In the equation for 
the intervention effect in each school, the parameter represents the average treatment effect for 
the population of schools after holding constant the covariates of the model. Similarly, V01k is a 
random effect assumed to be normally distributed with mean 0 and variance τβ11, whereby the 
latter parameter captures the extent to which school intervention effects vary around γ010. More 

36 Everyone coded 0 for the master’s degree covariate has a bachelor’s degree as the highest degree. 
37 Teaching experience was added in the impact model as two dummy variables. The experience variables were 
based on the breakdowns shown in the Digest of Education Statistics (Snyder, Dillow, & Hoffman, 2009) and on the 
empirical distribution of this variable in the sample of teachers. The final cut points and percentages of teachers in 
each category were fewer than 4 years (12.4%), 4–20 years (65%), and more than 20 years (22.6%). 
38 To distinguish between lower and higher poverty levels among the schools in our sample, the definition in The 
2009 Condition of Education (Planty Hussar, Snyder, Kena, Kewalramani, et al., 2009) was used, with the highest 
poverty schools defined as public schools that had more than 74% of their students eligible for free or reduced-price 
lunch. Based on that definition, 16 of 32 schools in the sample were classified as among the highest poverty schools.
39 These cut points were generated on the basis of the empirical distribution of variable in the sample. In other 
words, one-third of schools lie within each category. 
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precisely, the significance test addresses a key substantive issue in multisite evaluations—that is, 
whether the magnitude of the intervention varies across schools. The Level 3 random effects also 
covary, with covariance τβ01. 

Computing effect sizes. Effect sizes were computed using Hedges’s g formula: 

β̂HG = 01  
(nt −1)Ŝ 2

t + (nc −1)Ŝ 2
c

(nt +nc −2)

where, 

β̂  is the estimated intervention effect obtained from the three-level impact model. 

nt is the number of students in the intervention group. 

nc is the number of students in the control group. 

Ŝ 2
t  is the posttest unadjusted student-level standard deviations for the intervention group. 

Ŝ 2
c  is the posttest unadjusted student-level standard deviations for the control group. 

The multilevel model results for the reading vocabulary subtest and reading comprehension 
subtest of the Gates-MacGinitie Reading Tests, addressing the two primary research questions, 
are presented in Table C3.1. The multilevel model results for the MARSI and MRQ, addressing 
the two ancillary research questions, are shown in Table C3.2. (For both, see the highlighted row 
labeled “Thinking Reader,” indicating that posttest differences between the intervention and 
control groups were not reliably different from 0.) 
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Table C3.1 Impact Results on Reading Achievement Based on Listwise Deletion of Missing Data 

Fixed effect 

GMRT: Vocabulary subtest GMRT: Comprehension subtest 
Standard 

Coefficient error p value 
Standard 

Coefficient error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

517.00

–5.22 
–4.30 
–5.00 

–1.24 
2.60 
6.29 
0.41

–8.27 
–3.71 
0.80 

 0.66 

1.30 
1.62 
1.57 

1.31
2.10 
3.09 

 1.68 

1.66 
1.55 
0.01

.00 

.00 

.01 

.00 

 .35
.22 
.05 
.81 

.00 

.02 
 .00

506.52 

–5.22 
–3.16 
–4.47 

 0.90 
–1.56 
1.75 

–2.20 

–7.86 
–1.04 

 0.71 

0.93 

1.82 
2.30 
2.23 

1.72 
2.81 
4.13 
2.24 

1.98 
1.83 
0.02 

.00 

.01 

.18 

.06 

.61 

.58 

.67 

.33 

.00 

.57 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

368.46 
8.98 
2.87 
12.16 
2,147 

42.37 (24) 
42.36 (28) 
42.06 (31) 

.01 

.04 

.09 

504.21 
23.57 
8.08 
17.50 
2,140 

68.44 (24) 
45.22 (28) 
34.61 (31) 

.00 

.02 

.30 

Note: GMRT is Gates-MacGinitie Reading Tests.

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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Table C3.2 Impact Results on Reading Strategies and Reading Motivation Based on Listwise Deletion of Missing Data 

Fixed effect 

Reading strategies: MARSI Reading motivation: MRQ 
Standard 

Coefficient error p value 
Standard 

Coefficient error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

3.09

0.06 
0.00 
0.00 

–0.00
–0.07 
0.03 
0.08 

–0.06 
–0.01 
0.56

 0.03 

0.05 
0.06 
0.06 

 0.04 
0.07 
0.10 
0.05 

0.05 
0.05 

 0.02 

.00 

.22 

.95 
1.00 

.99 

.29 

.73 

.15 

.19 

.80 

.00 

2.77

0.05 
0.00 
–0.01 

–0.01
–0.02 
0.03 
0.03 

–0.02 
–0.05 
0.66

 0.01 

0.03 
0.03 
0.03 

 0.03 
0.04 
0.06 
0.03 

0.03 
0.03 

 0.02 

.00 

.08 

.90 

.58 

.62 

.62 

.62 

.33 

.44 

.07 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.35 
0.01
0.01
0.01

2,201 

 59.93 (25) 
 65.74 (28) 
 34.21 (31) 

.00 

.00 

.32 

0.14 
0.00
0.00
0.00

2,208 

 50.89 (25) 
 53.70 (28) 
 39.41 (31) 

.00 

.00 

.14 

Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; MARSI and MRQ surveys administered by study team. 
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Appendix D. Sensitivity Analyses 

Appendix D reports on the analyses conducted to determine the sensitivity of the impact 
estimates to the assumptions made. These include looking at findings for schools with even and 
uneven number of teachers (Appendix D1), using two multiple imputation models (Appendix 
D2), an analysis using a fixed-effect treatment coefficient (Appendix D3), an analysis using a 
two-level model (Appendix D4), an analysis using a reduced sample of one class per teacher 
(Appendix D5), and an analysis on a reduced sample excluding students whose teachers left the 
sample (Appendix D6). 

D1. Sensitivity Analysis to Different Randomization Procedures Across Schools With 
Even and Uneven Numbers of Teachers 

Sensitivity Analysis 1: Excluding schools with uneven number of teachers. In this sensitivity 
analysis, the benchmark impact models were run with only the 23 schools that had an even 
number of classrooms (dropping 9 schools with an odd number of classrooms).  
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Table D1.1 Impact Results on Reading Achievement Based on Subsample of 23 Schools With Even Number of Teachers 
GMRT: vocabulary subtest GMRT: comprehension subtest 

Standard Standard 
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s)

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

516.49
  

–3.03 
–2.09 
–3.39 

  
–0.85
2.85 
3.68 
0.90

  
–8.05 
–5.31 
0.79 

 0.68 

1.33 
1.88 
1.96 

 1.39 
2.47 
3.88 

 1.77 

2.07 
1.75 
0.02 

.00 
 

.04 

.28 

.10 
 

.55 

.25 

.35 

.62 
 

.00 

.00 

.00 

505.67 
 

–5.08 
–3.40 
–4.13 

 
0.71 
0.18 
7.11 

–0.22 
 

–6.04 
–1.78 
0.72 

1.20 
 

2.38 
3.14 
3.34 

 
1.96 
3.71 
5.67 
2.59 

 
2.50 
2.20 
0.02 

.00 

.05 

.29 

.23 

.72 

.96 

.22 

.93 

.02 

.42 

.00 
Random effect  Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

344.82 
4.55 
0.96 
8.83 

1,440 

 
18.23(11) 
26.25(19) 
31.12(22) 

  

 
.08 
.12 
.09 
  

489.76 
25.23 
10.75 
6.77 

1,434 

 
38.75(11) 
35.37(19) 
20.82(22) 

  

 
.00 
.01 

> .500  
  

Note: GMRT is Gates-MacGinitie Reading Tests. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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Table D1.2 Impact Results on Reading Strategies and Reading Motivation Based on Subsample of 23 Schools With an Even Number of Teachers 
Reading strategies: MARSI Reading motivation: MRQ 

Standard Standard 
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

3.10
  

0.01 
–0.02 
–0.03 

  
0.01
–0.08 
–0.08 
0.03 

  
–0.07 
–0.02 
0.54

 0.03 

0.05 
0.07 
0.08 

 0.04 
0.08 
0.12 
0.06 

0.06 
0.06 

 0.02 

.00 
 

.86 

.82 

.74 
 

.84 

.34 

.50 

.64 
 

.23 

.72 

.00 

2.77
  

0.01 
–0.06 
–0.08 

  
–0.01 
–0.05 
–0.05 
0.00 

  
0.00 

–0.08 
0.64

 0.01 

0.02 
0.04 
0.04 

0.03 
0.04 
0.07 
0.03 

0.04 
0.03 

 0.02 

.00 
 

.68 

.10 

.05 
 

.77 

.22 

.45 

.95 
 

.92 

.01 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.35 
0.01
0.01
0.01

1,486 

 
 19.85(12) 
 46.03(19) 
 27.66(22) 

  

 
.07 
.00 
.19 
  

0.14 
0.00
0.00
0.01

1,492 

 
 21.48(12) 
 33.70(19) 
 42.91(22) 

  

 
.04 
.02 
.01 
  

Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; MARSI and MRQ surveys administered by study team. 

  



Sensitivity Analysis 2: Controlling for indicators that capture whether the school has an 
even or uneven number of teachers. In this sensitivity analysis, we ran the impact models with 
all schools, adding a dummy covariate at the school-level (or Level 3) named “Odd_Teacher.” 
This dummy is coded 1 for the 9 schools that had an uneven number of participating teachers 
(each with a higher likelihood of being randomized to treatment than control) and 0 for the 23 
schools that had an even number of participating teachers at the time of the randomization.  

A sequence of three-level models (Models 1–3) was conducted. For each sequence, Level 1 
represents the between-student and within-teacher and school model. The Level 2 represents the 
between-teacher and within-school model and the Level 3 represents the between-school model.  

In Model 1, the equations for Levels 1 and 2 are exactly the same as the ones of the impact 
model. The Level 3 is different from the impact model. In Model 1, the Level 3 intercept 
equation includes only the new indicator Odd_Teacher. The following Model 2 is similar to 
Model 1, but in Model 2, the new indicator Odd_Teacher is also included in the equation of the 
treatment coefficient. This model tests whether the effect of the program is conditional on 
whether the school had an even or uneven number of participating teachers.  

Finally, Model 3 includes the new indicator in the intercept equation as well as the other three 
school covariates also included at the impact model. The new Odd_Teacher dummy is removed 
from the coefficient of the treatment indicator because the interaction was not statistically 
significant in Model 2. The equations for these models are presented below. 

Model 1. Including new “Odd_Teacher” indicator at the intercept of Level 3 

Level 1 (between-student, within-teacher and school model) 

Yijk = π0jk + π1jk (Pretestijk – Pretest…) + π2jk (IEPijk – IEP…) + π3jk (ELLijk – ELL…) + εijk, 

where εijk ~ N(0, σ2) 

Level 2 (between-teacher, within-school model) 

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master.k) + β03k (Exp_lowjk – Exp_low.k) 

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk, where U0jk ~ N(0, τπ00) 

π1jk = β10k 

π2jk = β20k 

π3jk = β30k 

Level 3 (between-school model) 

β00k = γ000 + γ001 (Odd_Teacherk – Odd_Teacher.) + V00k 

β01k = γ010 + V01k 

β02k = γ020 

β03k = γ030 

100 
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β04k = γ040  

β10k = γ100  

β20k = γ200  

β30k = γ300  

⎛V
where      ⎜ 00k ⎞ ⎡⎛0⎞ ⎛τ τ

⎟ ~ N ⎢⎜ ⎟,⎜ β 00 β 01 ⎞⎤⎟⎜ ⎟ ⎜ ⎟ ⎥
⎝V

2 ⎜ ⎟
01k ⎠ ⎣⎢⎝0⎠ ⎝τ β10 τ β11 ⎠⎦⎥  

Model 2. Including new “Odd_Teacher” indicator at the intercept and the coefficient of the 
treatment indicator at Level 3 

Level 1 (between-student, within-teacher and school model) 

Yijk = π0jk + π1jk (Pretestijk – Pretest…) + π2jk (IEPijk – IEP…) + π3jk (ELLijk – ELL…) + εijk,  

where εijk ~ N(0, σ2) 

Level 2 (between-teacher, within-school model)

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master. k) + β03k (Exp_lowjk – Exp_low.k)  

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk, where U0jk ~ N(0, τπ00) 

π1jk = β10k 

π2jk = β20k 

π3jk = β30k 

Level 3 (between-school model)  
β00k = γ000 + γ001 (Odd_Teacherk – Odd_Teacher.) + V00k 

β01k = γ010 + γ011 (Odd_Teacherk – Odd_Teacher.) + V01k 

β02k = γ020  

β03k = γ030  

β04k = γ040  

β10k = γ100  

β20k = γ200  

β30k = γ300  

⎛V00k ⎞ ⎡⎛0⎞ ⎛τ β 00 τ β 01 ⎞⎤where      ⎜ ⎟ ~ N2 ⎢⎜ ⎟,⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎥  
⎝V ⎜ ⎟

01k ⎠ 0 τ β τ⎣⎢⎝ ⎠ ⎝ 10 β11 ⎠⎦⎥
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Model 3. Including new “Odd_Teacher” indicator at the intercept together with other 
school level covariates40 

Level 1 (between-student, within-teacher and school model) 

Yijk = π0jk + π1jk (Pretestijk – Pretest…) + π2jk (IEPijk – IEP…) + π3jk (ELLijk – ELL…) + εijk,  

where εijk ~ N(0, σ2) 

Level 2 (between-teacher, within-school model)

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master. k) + β03k (Exp_lowjk – Exp_low.k)  

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk, where U0jk ~ N(0, τπ00) 

π1jk = β10k 

π2jk = β20k 

π3jk = β30k 

Level 3 (between-school model)  

β00k = γ000 + γ001 (Odd_Teacherk – Odd_Teacher.) + γ002 (Hlunchk – Hlunch.) + γ003 (Midsizek – 
Midsize.) + γ004 (Lsizek – Lsize.) + V00k 

β01k = γ010 + V01k 

β02k = γ020  

β03k = γ030  

β04k = γ040  

β10k = γ100  

β20k = γ200  

β30k = γ300  

⎛V00k ⎞ ⎡⎛0⎞ ⎛τ τ
where      ⎜ ⎟ ~ N ⎢⎜ ⎟,⎜ β 00 β 01 ⎞⎤⎟⎜ ⎟ ⎜ ⎟

⎝V
2 ⎜ ⎟⎥

01k ⎠ ⎣⎢⎝0⎠ ⎝τ β10 τ β11 ⎠⎦⎥  

 

 

                                                 
40 We checked the extent to which the new dummy included at Level 3 was related to the other three indicators 
included in Model 3. All Spearman’s correlation tests between new Odd_Teacher dummy and the other three 
school-level indicators were statistically non-significant. 
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Table D1.3 Impact Results for the Gates-MacGinitie Reading Tests Vocabulary Subtest Controlling for Indicators That Capture Whether the School Has an Even or 
Uneven Number of Teachers 

Fixed effect 

Model 1 Model 2 Model 3 

Coefficient
Standard 

error p value Coefficient
Standard 

error p value Coefficient
Standard 

error p value
Intercept 
School-level covariates 

Odd_Teacher 
More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 
Odd_Teacher  

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

517.14
 

1.41 
 
 
 
 

–1.14 
1.89 
5.51 
0.28 

 
–7.70 
–4.00 
0.81 

 0.89 
 

1.82
 
 
 
 

1.27 
2.10 
3.08 
1.68 

 
 

1.67 
1.58 
0.01 

.00 
  

 .45 
 
 
 
  

.38 

.37 

.08 

.87 
 
  

.00 

.01 

.00 

517.13 

1.88 
 
 
 

–1.09 
1.55 
4.64 
0.12 

–2.23

–7.64 
–4.02 
0.81 

0.89 
 

1.92 
 
 
 
 

1.26 
2.13 
3.27 
1.69 

 2.84 
 

1.67 
1.58 
0.01 

.00 
  

.34 
 
 
 
  

.40 

.47 

.16 

.94 

.44 
  

.00 

.01 

.00 

517.02 

–0.24 
–5.23 
–4.40 
–5.00 

–1.30 
2.64 
6.28 
0.38 

 

–8.25 
–3.74 
0.80 

0.66 
 

1.40 
1.30 
1.73 
1.58 

 
1.31 
2.10 
3.09 
1.68 

 
 

1.67 
1.55 
0.01 

.00 
 

.87 

.00 

.02 

.00 
 

.33 

.21 

.05 

.82 
 
 

.00 

.02 

.00 
Random effect Variance χ2 (df) p value Variance χ2 (df) p value Variance χ2 (df) p value
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

368.71  
10.10
14.25
8.74

2,147 

 41.04(22) 
 77.83(30) 
 39.61(31) 

  

 
.01 
.00 
.14 

  

368.69 
10.05 
14.26 
8.00 

2,147 

 
41.56(22) 
77.95(30) 
38.88(30) 

  

 
.01 
.00 
.13 

  

368.52 
8.81 
2.85 
12.48 
2,147 

 
40.20(22) 
42.38(27) 
42.30(31) 

  

 
.01 
.03 
.09 

  

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; Gates-MacGinitie Reading Tests vocabulary subtest administered by study team. 
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Table D1.4 Impact Results for the Gates-MacGinitie Reading Tests Comprehension Subtest Controlling for Indicators That Capture Whether the School Has an Even 
or Uneven Number of Teachers 

Fixed effect 

Model 1 Model 2 Model 3 

Coefficient
Standard 

error p value Coefficient
Standard 

error p value Coefficient
Standard 

error p value
Intercept 
School-level covariates 

Odd_Teacher 
More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 
Odd_Teacher  

Student-level covariates 
Individualized education program (vs. non–individualized education program) 
English language learner (vs. non–English language learner) 
Pretest score 

506.66
  

0.19 
 
 
 
  

0.94
–2.33 
1.01 

–2.08 

  
–7.43 
–1.75 
0.71 

 1.09 

2.18
 
 
 

 1.75 
2.78 
4.11 
2.23 

 

1.97 
1.84
0.02 

.00 
 

 .93 
 
 
 
 

.59 

.41 

.81 

.36 
 
 

.00 
 .34 

.00 

506.65 
 

0.76 
 
 
 
 

0.98 
–2.70 
0.04 

–2.26 
–2.60

 
–7.38 
–1.78 
0.71 

1.09 
 

2.34 
 
 
 
 

1.75 
2.84 
4.36 
2.25 

 3.93 
 

1.97 
1.84 
0.02 

.00 
 

.75 
 
 
 
 

.58 

.34 

.99 

.32 

.51 
 

.00 

.33 

.00 

506.59 
 

–1.33 
–5.33 
–3.66 
–4.56 

 
0.79 
–1.58 
1.64 

–2.11 
 
 

–7.80 
–1.08 
0.71 

0.94 
 

2.02 
1.84 
2.44 
2.24 

 
1.73 
2.80 
4.12 
2.24 

 
 

1.98 
1.83 
0.02 

.00 
 

.51 

.01 

.15 

.05 
 

.65 

.57 

.69 

.35 
 
 

.00 

.56 

.00 
Random effect Variance χ2 (df) p value Variance χ2 (df) p value Variance χ2 (df) p value
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

504.28  
23.16
19.18
22.77
2,140 

 63.60(22) 
 64.89(30) 
 37.82(31) 

  

 
.00 
.00 
.19 

  

504.20 
23.07 
19.24 
22.74 
2,140 

 
63.84(22) 
65.17(30) 
37.49(30) 

  

 
.00 
.00 
.16 

  

503.88 
23.13 
8.39 

18.68 
2,140 

 
63.16(22) 
44.61(27) 
37.74(31) 

  

 
.00 
.02 
.19 

  

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; Gates-MacGinitie Reading Tests comprehension subtest administered by study team. 
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Table D1.5 Impact Results for Metacognitive Awareness of Reading Strategies Inventory Controlling for Indicators That Capture Whether the School Has an Even or 
Uneven Number of Teachers 

Fixed effect 

Model 1 Model 2 Model 3 

Coefficient
Standard 

error p value Coefficient
Standard 

error p value Coefficient
Standard 

error p value
Intercept 
School-level covariates 

Odd_Teacher 
More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 
Odd_Teacher  

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner)
Pretest score 

3.09 
 

–0.04 
 
 
 
 

–0.01
–0.07 
0.03 
0.08 

 
–0.06 

 –0.01 
0.56 

0.03 
 

0.05
 
 
 
 

 0.04 
0.07 
0.10 
0.06 

 
 

0.05
0.05 
0.02 

.00 
 

 .48 
 
 
 
 

.83 

.32 

.75 

.13 
 
 

 .17 
.83 
.00 

3.09 
 

–0.03 
 
 
 
 

–0.01 
–0.07 
0.02 
0.08 

–0.03
 

–0.06 
–0.01 
0.56 

0.03
   

0.06 
 
 
 
   

0.04 
0.07 
0.11 
0.06 

 0.09 
   

0.05 
0.05 
0.02

 .00 

.56 
 
 
 

.84 

.30 

.84 

.14 

.79 

.17 

.83 
 .00 

3.09 

–0.03 
0.06 

–0.01 
0.00 

–0.01 
–0.07 
0.03 
0.08 

 

–0.06 
–0.01 
0.55 

0.03 
 

0.06 
0.05 
0.07 
0.06 

 
0.04 
0.07 
0.10 
0.06 

 
 

0.05 
0.05 
0.02 

.00 
 

.58 

.24 

.90 

.96 
 

.88 

.31 

.74 

.13 
 
 

.19 

.76

.00 
Random effect Variance χ2 (df) p value Variance χ2 (df) p value Variance χ2 (df) p value
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.35  
0.01 
0.01 
0.01 

2,201 

59.15(23)
67.86(30)
37.59(31)

  

 
 .00 
 .00 
 .19 

  

0.35 
0.01 
0.01 
0.01 

2,201 

 
59.59(23)
68.00(30)
37.40(30)

  

 
 .00 
 .00 
 .17 

  

0.35 
0.01 
0.01 
0.01 

2,201 

 
58.95(23) 
61.84(27) 
37.18(31) 

  

 
.00 
.00 
.21 

  

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; Metacognitive Awareness of Reading Strategies Inventory administered by study team. 
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Table D1.6 Impact Results for Motivation for Reading Questionnaire Controlling for Indicators That Captures Whether the School Has an Even or Uneven Number of 
Teachers 

Fixed effect 

Model 1 Model 2 Model 3 

Coefficient
Standard 

error p value Coefficient
Standard 

error p value Coefficient
Standard 

error p value
Intercept 
School-level covariates 

Odd_Teacher 
More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 
Odd_Teacher 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner)
Pretest score 

2.77
  

–0.03 
 
 
 
  

–0.02
–0.02 
0.02 
0.03 

  
  

–0.02 
 –0.05 

0.67

 0.01 

0.03
 
 
 

 0.03 
0.04 
0.06 
0.03 

0.03
0.03 

 0.02 

.00 
 

 .31 
 
 
 
 

.51 

.64 

.69 

.31 
 
 

 .39 
.09 
.00 

2.77 
 

–0.02 
 
 
 
 

–0.02 
–0.02 
0.01 
0.03 

–0.03 
 

–0.02 
–0.05 
0.67 

0.01 
 

0.03 
 
 
 
 

0.03 
0.04 
0.06 
0.03 
0.06 

 
0.03 
0.03 
0.02 

.00 
 

.45 
 
 
 
 

.52 

.58 

.82 

.33 

.64 
 

.40 

.09 

.00 

2.77 
 

–0.02 
0.05 

–0.02 
–0.02 

 
–0.01 
–0.02 
0.03 
0.03 

 
 

–0.02 
–0.05 
0.66 

0.01 
 

0.03 
0.03 
0.04 
0.03 

 
0.03 
0.04 
0.06 
0.03 

 
 

0.03 
0.03 
0.02 

.00 
 

.41 

.09 

.67 

.51 
 

.61 

.64 

.63 

.30 
 
 

.46 

.07

.00 
Random effect Variance χ2 (df) p value Variance χ2 (df) p value Variance χ2 (df) p value
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.14  
0.00
0.00
0.01
2,208 

 50.99(23) 
 60.78(30) 
 42.95(31) 

  

 
.00 
.00 
.08 

  

0.14 
0.00 
0.00 
0.01 

2,208 

 
51.17(23) 
61.20(30) 
42.83(30) 

  

 
.00 
.00 
.06 

  

0.14 
0.00 
0.00 
0.01 

2,208 

 
50.91(23)
50.64(27)
42.27(31)

  

 
.00 
.00 
.09 

  

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; Motivation for Reading Questionnaire administered by study team. 

 

 

  



D2. Sensitivity Analysis: Impact Results Based on Multiple Imputation of Missing 
Data 

Several analyses were conducted to determine how sensitive the impact estimates were to the 
assumptions made. The first analysis assessed the sensitivity of impact analyses run using 
listwise deletion as opposed to multiple imputation. 

Introduction to multiple imputation. The results presented in Appendix C1 indicate 
statistically significant differences between students with complete and those with missing 
data.41 On the basis of these patterns and other exploratory analyses explained below, this study 
assumes that missing patterns can be predicted by observed covariates. In other words, the 
probability of having missing data is assumed to be random after controlling for observed 
covariates.42 In research on missing data, this type of data is commonly referred to as missing at 
random.43 If the assumption of missing at random is true, many techniques can deal with missing 
data. To obtain accurate parameter estimates for the relationships of interest in the impact 
models, multiple imputation by chained equations was used to impute values for missing data for 
the four posttest and four pretest scores.44 

Multiple imputation is a Monte Carlo technique in which missing values are replaced by m >1 
simulated versions. By convention, generating 5–10 datasets is sufficient for obtaining parameter 
estimates close to being fully efficient. In this study, m was set at 10. Each impact analysis was 
then run on each of the simulated and complete datasets, and results were later combined to 
generate estimates and confidence intervals that incorporate missing-data uncertainty (Schafer, 
1999). The overall variance of the estimate is computed so that it accounts for the within- and 
between-imputation variance (Little & Rubin, 2002). 

The multiple imputation by chained equations approach involves developing an imputation 
model and cycling through each of the variables with missing data and imputing them 
conditional on all the variables without missing data. The process starts with the variable having 
the fewest missing values and continues until no missing data remain. This process is then 
repeated multiple times using the new dataset until imputations stabilize (i.e., the order in which 
the variables are imputed no longer matters) and a single dataset with no missing data is created 
(Stuart, Azur, Frangakis, & Leaf, 2009). Finally, this entire process is repeated to create a 
number of imputed datasets without missing data.  

Because the four posttest scores are included in the imputation model of the pretest score, and to 
avoid attenuation of the impact estimate, separate imputations were conducted for the 
intervention and control groups (Puma et al., 2009).  

41 The differences in percentages of students missing pretest or posttest scores between the intervention and control

conditions were found to be not statistically significant. 

42 In other words, this assumption implies that missing on posttest does not depend on unobserved covariates after

controlling for observed ones. 

43 The missing at random assumption, however, is not testable, nor is it possible to test whether levels of missing 

data on posttests depend on the values that are missing. For example, a student with low posttest scores may be more 

likely to be absent during posttesting.

44 The imputation analysis was conducted using the Stata ice routine (imputation by chained equations).
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Specifying the multiple imputation models. The four pretest and posttest scores and the 
race/ethnicity covariate were imputed. The race/ethnicity variable was imputed for use in the 
imputation models of the pretest and posttest scores. The percentage of cases imputed for 
race/ethnicity was 5.73% (or 138 of the total eligible sample of 2,407). 

To make the missing at random assumption more reasonable and to keep the model as general as 
possible, the multiple imputation models included the covariates of the final analytical model 
plus other “auxiliary” covariates, or covariates that help to predict missing data but are not 
necessarily part of the impact model.  

To build the imputation model and to choose the auxiliary variables, several exploratory analyses 
were conducted to identify the most important predictors of missing values on posttest scores. 
For these analyses, a missing indicator was generated to capture whether the student had any 
missing posttests; this indicator was used as the outcome in exploratory logistic regression 
models. Interaction terms were tested between all of the student covariates and between student 
covariates and pretest scores. All of the main effect and interaction terms that were found to be 
statistically significant predictors of the missing patterns on posttest scores were included in the 
imputation model.  

Because missing values on posttest scores can be explained by characteristics at the student level 
and by the students’ teacher or school membership, teacher and school covariates in the 
imputation model were further tested.45 

To account for covariates from different levels of aggregation, models were explored that 
included different forms of the teacher and school covariates after controlling for the student 
predictors. Additionally, cluster indicators were tested at the teacher and school levels. Because 
the missing-data research does not explain how to account for multilevel data, two imputation 
models were specified to check the sensitivity of the results to different model specifications.  

The first multiple imputation model, Model A, includes the student-level covariates 
individualized education program (IEP) status, English language learner (ELL) status, gender, 
race/ethnicity dummy variables, and age, as well as interactions between gender and 
race/ethnicity, ELL status and race/ethnicity, IEP status and race/ethnicity, and age and a pretest 
composite achievement score of reading vocabulary and reading comprehension called “reading 
total.” Additional key student covariates are pretest scores (reading total, reading vocabulary, 
reading comprehension, Metacognitive Awareness of Reading Strategies Inventory [MARSI], 
and Motivation for Reading Questionnaire [MRQ]) and the corresponding posttest scores.46 In 
Model A, teacher membership is accounted for by including teacher dummy variables (in cases 
with perfect colinearity, the variables were dropped) and some school covariates—such as 
whether the school is a middle or elementary school, school enrollment size dummy variables, 
percentage of students eligible for free or reduced-price lunch dummy variables, and 
racial/ethnic composition percentages.  

45 Additionally, the relative importance of some student covariates in predicting the missing patterns may vary from

teacher to teacher or site to site.  

46 The strategy of including all of the dependent variables in the model when imputing any particular outcome is

thought to protect against omitted variable bias in the imputation model (Puma et al., 2009).
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The second imputation model, Model B, includes the same student covariates as Model A; some 
teacher covariates, such as an indicator whether the teacher has a master’s degree and dummy 
variables for total teaching experience; and a continuous variable that captures total teaching 
experience in Grade 6. Also in Model B, school membership is accounted for by including 
school dummy variables. 

Diagnostics. This section presents the results of diagnostic analyses for imputation Models A 
and B. 

Graphic diagnostics. Figures D2.1–D2.3 compare the distributions of observed values, imputed 
values, and combined observed and imputed values through kernel density plots. The first line, 
“observed values only,” represents the distribution of the posttest scores of the sample of 
students that did not have a posttest. The second line, “observed and imputed values,” is the 
distribution of the outcomes for the complete dataset. And the third line, “imputed values,” 
represents the distribution of the outcomes based on only the sample of students with missing 
data on posttest and whose outcome scores were imputed by the multiple imputation models. 
These plots were generated using 10 datasets, which multiplies the sample size by 10.  

Diagnostic tests of imputed data are not absolute indicators of the success of the imputation but 
rather a means to confirm that the imputed data do not seem unreasonable. Differences between 
observed and imputed data do not necessarily mean that the specifications of the imputation 
model were incorrect. Substantive knowledge must be used in conjunction with the diagnostics 
when checking for potential misspecifications of the multiple imputation model (Stuart et al., 
2009). Graphic diagnostics could flag a potential misspecification in the multiple 
imputation model if, for example, the distribution of “imputed values only” for a particular 
posttest is skewed greatly to the right (compared with the distribution of the “observed values 
only”), because students who were missing the posttest would not be expected to have higher 
imputed posttest values than students who had the posttest.  

The figures below show that for reading comprehension, MARSI, and MRQ posttests, the 
imputed and observed distributions are similar (see Figures D2.1–D2.3), likely because the 
highest level of missing data was 11.4% for any of the posttests. Relative to the other posttests, a 
greater difference exists between the imputed and observed distributions for vocabulary posttest 
scores, with imputed values being more spread out and skewed farther to the left than the 
observed values (see Figure D2.1). However, the numeric diagnostics discussed below show that 
the multiple imputation models are appropriate and that similar diagnostic conclusions were 
found across all posttests for both treatment and control groups.  

Graphic diagnostics were also conducted using pretest scores. Compared with posttests, greater 
variation was found between imputed and observed values. However, because only a small 
amount (1%) of data was missing on any of the pretests, the graphic diagnostics for these 
outcomes are not presented here.  

Numeric diagnostics. Numeric diagnostics analyze the means and standard deviations of 
observed values, imputed values, and combined observed and imputed values in search of 
differences that could indicate a problem with the imputation model.  

109 




Tables D2.1–D2.8 present the means and standard deviations for pretests and posttests and the 
ratio of the difference between the mean of imputed and observed values to the standard 
deviation of observed values, by treatment and control conditions and for imputation Models A 
and B. 

For the ratio, Stuart et al. (2009) suggest that an absolute value greater than 2 may indicate that 
the variable should be flagged for further investigation. The numeric diagnostics do not suggest 
misspecification of the multiple imputation models because none of the ratios from the imputed 
datasets approach this threshold, and differences in means and standard deviations are well 
within reason. Overall, numeric diagnostics parallel the graphic diagnostics. 
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Figure D2.1 Multiple Imputation Using Models A and B: Graphic Diagnostics for Reading Achievement Outcomes 
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Model B: Treatment Reading Vocabulary Posttest Model B: Control Reading Vocabulary Posttest 
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Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 
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Figure D2.2 Multiple Imputation Using Models A and B: Graphic Diagnostics for the Metacognitive Awareness of Reading Strategies 
Inventory 
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Model A: Treatment MARSI Posttest 
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Source: Metacognitive Awareness of Reading Strategies Inventory survey administered by study team. 
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Source: Motivation for Reading Questionnaire survey administered by study team. 
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Figure D2.3 Multiple Imputation Using Models A and B: Graphic Diagnostics for the Motivation for Reading Questionnaire 
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Table D2.1 Multiple Imputation Using Models A and B: Numeric Diagnostics of Reading Achievement Pretests for Intervention Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to standard 
deviationa 

Standard deviation 
b ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

12,760 
100 

12,860 

12,800 
60 

12,860 

12,760 
100 

12,860 

12,800 
60 

12,860 

502.14 
509.66 
502.20 

500.19 
493.32 
500.16 

502.14 
521.51 
502.29 

500.19 
498.82 
500.18 

32.62 
39.41 
32.68 

32.19 
32.96 
32.20 

32.62 
40.12 
32.73 

32.19 
39.55 
32.23 

401 
412 
401 

396 
396 
396 

401 
438 
401 

396 
396 
396 

619 
619 
619 

652 
574 
652 

619 
619 
619 

652 
574 
652 

























0.23

–0.21

0.59 

–0.04 

 1.21


 1.02


1.23


1.23


aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 
bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 
Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 
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Table D2.2 Multiple Imputation Using Models A and B: Numeric Diagnostics of Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading 
Questionnaire Pretests for Intervention Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
standard deviationa 

Standard 
b deviation ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

12,780 
80 

12,860 

12,750 
110 

12,860 

12,780 
80 

12,860 

12,750 
110 

12,860 

3.18 
3.33 
3.18 

2.83 
2.73 
2.83 

3.18 
3.38 
3.18 

2.83 
2.73 
2.83 

0.67 
0.57 
0.67 

0.47 
0.42 
0.47 

0.67 
0.59 
0.67 

0.47 
0.44 
0.47 

1 
1.34 

1 

1.25 
1.65 
1.25 

1 
1.5 
1 

1.25 
1.45 
1.25 

5 
4.37 

5 

3.96 
3.71 
3.96 

5 
4.9 
5 

3.96 
3.65 
3.96 

0.23

–0.21

0.30 

–0.22 

 0.86

 0.90

0.89 

0.94 

aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 

bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 

Source: Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire surveys administered by study team. 
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Table D2.3 Multiple Imputation Using Models A and B: Numeric Diagnostics of Reading Achievement Pretests for Control Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
a standard deviation

Standard deviation 
b ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

11,120 
90 

11,210 

11,080 
130 

11,210 

11,120 
90 

11,210 

11,080 
130 

11,210 

502.19 
505.19 
502.21 

502.06 
511.91 
502.17 

502.19 
516.63 
502.30 

502.06 
514.96 
502.21 

34.99 
56.74 
35.21 

32.61 
42.46 
32.76 

34.99 
55.73 
35.22 

32.61 
45.05 
32.81 

367 
367 
367 

406 
409.5 
406 

367 
378 
367 

406 
423 
406 

653 
653 
653 

652 
652 
652 

653 
653 
653 

652 
652 
652 

























0.09

0.30

0.41 

0.40 

 1.62


 1.30


1.59


1.38


aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 
bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 
Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 
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Table D2.4 Multiple Imputation Using Models A and B: Numeric Diagnostics of Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading 
Questionnaire Pretests for Control Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
standard deviationa 

Standard 
b deviation ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

11,100 
110 

11,210 

11,120 
90 

11,210 

11,100 
110 

11,210 

11,120 
90 

11,210 

3.15 
3.18 
3.15 

2.85 
2.78 
2.85 

3.15 
3.18 
3.15 

2.85 
2.86 
2.85 

0.71 
0.64 
0.71 

0.48 
0.46 
0.48

0.71 
0.62 
0.71 

0.48 
0.42 
0.48 

1 
1.83 

1 

1.19 
1.57 

 1.19 

1 
1.00 

1 

1.19 
1.57 
1.19 

5 
4.55 

5 

3.94 
3.57 
3.94 

5 
4.55 

5 

3.94 
3.67 
3.94 

0.04

–0.14

0.04 

0.03 

 0.91

 0.95

0.87 

0.88 

aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 

bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 

Source: Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire surveys administered by study team. 
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Table D2.5 Multiple Imputation Using Models A and B: Numeric Diagnostics of Reading Achievement Posttests for Intervention Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
a standard deviation

Standard 
b deviation ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

11,600 
1,260 

12,860 

11,550 
1,310 

12,860 

11,600 
1,260 

12,860 

11,550 
1,310 

12,860 

518.07 
514.09 
517.68 

508.07 
507.98 
508.06 

518.07 
514.56 
517.73 

508.07 
510.08 
508.28 

33.61 
44.70 
34.87 

33.02 
30.27 
32.75 

33.61 
42.91 
34.65 

33.02 
30.78 
32.80 

415 
415 
415 

390 
412 
390 

415 
415 
415 

390 
390 
390 

629 
629 
629 

638 
629 
638 

629 
629 
629 

638 
638
638 

























–0.12

0.00

–0.10 

 0.06

 1.33


 0.92


1.28


 0.93


aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 
bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 
Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 
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Table D2.6 Multiple Imputation Using Models A and B: Numeric Diagnostics of Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading 
Questionnaire Posttests for Intervention Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
standard deviationa 

Standard 
b deviation ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

11,880 
980 

12,860 

11,920 
940 

12,860 

11,880 
980 

12,860 

11,920 
940 

12,860 

3.05 
3.13 
3.06 

2.74 
2.76 
2.75 

3.05 
3.14 
3.06 

2.74 
2.75 
2.74 

0.71 
0.75 
0.71 

0.49 
0.51 
0.50 

0.71 
0.75 
0.71 

0.49 
0.53 
0.50 

1 
1 
1 

1.04 
1.04 
1.04 

1 
1 
1 

1.04 
1.08 
1.04 

5 
5 
5 

3.96 
3.96 
3.96 

5 
5 
5 

3.96 
3.96 
3.96 

0.11

0.04

0.13 

0.02 

 1.06

 1.04

1.06 

1.07 

aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 

bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 

Source: Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire surveys administered by study team. 
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Table D2.7 Multiple Imputation Using Models A and B: Numeric Diagnostics of Reading Achievement Posttests for Control Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
a standard deviation

Standard 
b deviation ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

9,960 
1,250 

11,210 

9,940 
1,270 

11,210 

9,960 
1,250 

11,210 

9,940 
1,270 

11,210 

519.42 
513.74 
518.79 

509.74 
508.48 
509.6 

519.42 
515.88 
519.03 

509.74 
509.92 
509.76 

36.23 
47.06 
37.63 

34.45 
30.16 
33.99 

36.23 
47.63 
37.69 

34.45 
32.22 
34.21 

367 
367 
367 

402 
407 
402 

367 
367 
367 

402 
402 
402 

653 
653 
653 

638 
638 
638 

653 
653 
653 

638 
638 
638 

























–0.16

–0.04

–0.10 

0.01 

 1.30


 0.88


1.31


0.94


aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 
bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 
Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 
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Table D2.8 Multiple Imputation Using Models A and B: Numeric Diagnostics of Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading 
Questionnaire Posttests for Control Condition 

Measure Number Mean 
Standard 
deviation Minimum Maximum 

Ratio of mean to 
standard deviationa 

Standard 
b deviation ratio

Model A 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

Model B 
Reading vocabulary 

Observed values 
Imputed values 
Observed and imputed 

Reading comprehension 
Observed values 
Imputed values 
Observed and imputed 

10,290 
920 

11,210 

10,330 
880 

11,210 

10,290 
920 

11,210 

10,330 
880 

11,210 

3.02 
3.03 
3.02 

2.75 
2.74 
2.75 

3.02 
3.02 
3.02 

2.75 
2.70 
2.74 

0.76 
0.81 
0.76 

0.51 
0.53 
0.51 

0.76 
0.80 
0.76 

0.51 
0.55 
0.51 

1 
1 
1 

1.23 
1.23 
1.23 

1 
1 
1 

1.23 
1.23 
1.23 

4.87 
4.84 
4.87 

3.87 
3.87 
3.87 

4.87 
4.87 
4.87 

3.87 
3.87 
3.87 

0.02

–0.01

0.00 

–0.09 

 1.07

 1.05 

1.06 

1.07 

aRatio of the difference between the mean of imputed and observed values to the standard deviation of observed values. 

bRatio of the standard deviation of the imputed values to the standard deviation of the observed values. 

Source: Metacognitive Awareness of Reading Strategies Inventory and Motivation for Reading Questionnaire surveys administered by study team. 
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Impact results using multiple imputation. Using multiple imputation, the overall conclusions 
about the impact of Thinking Reader are the same as those derived from the listwise deletion 
analysis. Analyses were not sensitive to the specification of the multiple imputation model used; 
conclusions about the impact of Thinking Reader are the same whether the 10 imputed datasets 
were generated using Model A (student and school covariates; teacher dummy variables) or 
Model B (student and teacher covariates; school dummy variables). The results based on 
multiple imputation Model A are presented in Tables D2.9 and D2.10, and those based on Model 
B are presented in Tables D2.11 and D2.12. 
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Table D2.9 Impact Results on Reading Achievement Based on Multiple Imputation Data From Model A 
GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Standard Standard
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

518.08
  

–4.03 
–3.58 
–4.56 

  
–1.47
2.95 
5.59 

–0.20 
  

–2.63 
–3.05 
0.75

 0.75 

1.76 
1.95 
1.78 

 1.82 
2.53 
3.72 
2.04 

2.42 
2.18 

 0.02 

.00 
 

.03 

.08 

.02 
 

.43 

.25 

.14 

.92 
 

.29 

.17 

.00 

508.27
  

–3.54 
–2.98 
–4.16 

  
0.37 
–0.43 
1.91 

–2.75 
  

–0.18 
–0.27 
0.63

 0.92 

1.87 
2.20 
2.24 

1.69 
2.72 
4.04 
2.23 

2.29 
2.06 

 0.02 

.00 
 

.07 

.19 

.07 
 

.83 

.88 

.64 

.22 
 

.94 

.90 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

584.66 
4.14 
2.76 
28.46
2,407  

 
35.34 (25) 
40.85 (28) 

 54.24 (31) 

 
.08 
.06 
.01 

 

618.44 
17.72 
6.48 
13.59

 

 
62.76 (25) 
42.73 (28) 

 34.27 (31) 
 

 
.00 
.04 
.31 

 
Note: Based on imputation Model A. GMRT is Gates-MacGinitie Reading Tests. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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Table D2.10 Impact Results on Reading Strategies and Reading Motivation Based on Multiple Imputation Data From Model A 
Reading strategies: MARSI Reading motivation: MRQ 

Standard Standard
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

3.09
  

0.06 
–0.01 
0.00 

  
–0.01 
–0.07 
0.04 
0.09 

  
–0.05 
–0.01 
0.55 

 0.03 

0.05 
0.07 
0.06 

0.04 
0.07 
0.11 
0.06 

0.05 
0.05 
0.02 

.00 
 

.23 

.92 
1.00 

 
.91 
.34 
.72 
.11 

 
.24 
.83 
.00 

2.77 
 

0.06 
–0.01 
–0.02 

 
–0.02 
–0.02 
0.04 
0.04 

 
–0.01 
–0.05 
0.66 

0.02 
 

0.03 
0.04 
0.03 

 
0.03 
0.04 
0.06 
0.03 

 
0.03 
0.03 
0.02 

.00 
 

.05 

.85 

.66 
 

.57 

.55 

.57 

.27 
 

.62 

.12 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.36 
0.01 
0.01 
0.01 
2,407  

 
66.48 (25) 
63.93 (28) 
35.45 (31) 

 
.00 
.00 
.27 

 

0.15 
0.00 
0.00 
0.01 
2,407 

 
55.04 (25) 
54.83 (28) 
42.12 (31) 

 

 
.00 
.00 
.08 

 
Note: Based on imputation Model A. MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; MARSI and MRQ surveys administered by study team. 
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Table D2.11 Impact Results on Reading Achievement Based on Multiple Imputation Data From Model B 
GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Standard Standard
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

518.26
  

–4.11 
–3.72 
–4.97 

  
–1.64
3.31 
5.82 
0.07 

  
–2.81 
–3.60 
0.74 

 0.80 

1.55 
1.90 
2.17 

 1.78 
2.48 
3.66 
2.06 

2.61 
2.28 
0.02 

.00 
 

.01 

.06 

.03 
 

.36 

.19 

.12 

.97 
 

.29 

.12 

.00 

508.44 
 

–3.57 
–2.92 
–4.01 

 
0.29 
–0.77 
0.96 

–2.36 
 

–0.02 
–0.21 
0.63 

0.93 
 

1.80 
2.29 
2.28 

 
1.67 
2.79 
4.18 
2.23 

 
2.37 
2.03 
0.02 

.00 
 

.06 

.21 

.09 
 

.86 

.78 

.82 

.29 
 

.99 

.92 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

583.89 
5.00 
3.21 
30.36 
2,407  

 
37.93 (25) 
41.47 (28) 
54.35 (31) 

 
.05 
.05 
.01 

 

630.79 
18.70 
6.43 
13.27 
2,407 

 
60.86 (25) 
43.07 (28) 
34.18 (31) 

 

 
.00 
.03 
.32 

 
Note: Based on imputation Model B. GMRT is Gates-MacGinitie Reading Tests. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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Table D2.12 Impact Results on Reading Strategies and Reading Motivation Based on Multiple Imputation Data From Model B  
Reading strategies: MARSI Reading motivation: MRQ 

Standard Standard
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

3.09
  

0.06 
0.01 
0.01 

  
–0.00 
–0.07 
0.03 
0.09 

  
–0.06 
–0.01 
0.56 

 0.03 

0.05 
0.07 
0.06 

0.04 
0.07 
0.10 
0.06 

0.04 
0.05 
0.02 

.00 
 

.26 

.93 

.88 
 

.98 

.29 

.79 

.11 
 

.21 

.81 

.00 

2.77 
 

0.05 
–0.00 
–0.01 

 
–0.01 
–0.02 
0.04 
0.04 

 
–0.02 
–0.05 
0.66 

0.02 
 

0.03 
0.04 
0.04 

 
0.03 
0.04 
0.06 
0.03 

 
0.03 
0.03 
0.02 

.00 
 

.09 

.94 

.72 
 

.67 

.60 

.54 

.27 
 

.45 

.10 

.00 
Random effect Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.36  
0.01 
0.01 
0.01 

2,407  

61.64 (25) 
66.51 (28) 
35.38 (31) 

 
.00 
.00 
.27 

 

0.15 
0.00 
0.00 
0.01 

2,407 

 
48.89 (25) 
60.37 (28) 
43.08 (31) 

 

 
.00 
.00 
.07 

 
Note: Based on imputation Model B. MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; MARSI and MRQ surveys administered by study team. 

 
 



D3. Sensitivity Analysis: Treatment as a Fixed Effect 

The second sensitivity analysis assessed the sensitivity of the impact estimate and standard error 
to modeling the treatment indicator as a fixed effect as opposed to a random effect. Here, 
findings from four three-level models (Models 0–4), which build sequentially to the impact 
model, are presented. The results of Model 4 show the sensitivity of the impact estimate and 
standard error to the decision to model the treatment as a fixed or random effect. In all models, 
the Level 1 covariates were grand mean centered, the Level 2 covariates were group mean 
centered, and the Level 3 predictors were grand mean centered. 

Before including the treatment indicator, Model 0, commonly referred to as the fully 
unconditional model because no predictors are specified at either level, is presented. This model 
yields estimates of the initial variance components—that is, the variances of the random effects 
at the school level and the teacher level and the residual variance at the student level. The 
variance component estimates from this model are used to estimate the intraclass correlation 
coefficients of outcome responses at the school level and at the teacher level. The intraclass 
correlation captures the proportion of the variance in the outcome between teachers and between 
schools. 

Level 1 model 

Yijk = π0jk + εijk, where εijk ~ N(0, σ2) 

Level 2 model 

π0jk = β00k + U0jk, where εijk ~ N(0, τπ00) 

Level 3 model 

β00k = γ000 + V0k, where V0k ~ N(0, τβ00) 

In Model 1, the coefficient of the treatment indicator is added as a fixed effect with no other 
covariates included. 

Level 1 model 

Yijk = π0jk + εijk 

Level 2 model 

π0jk = β00k + β01k (Trtjk – Trt.k) + U0jk 

Level 3 model 

β00k = γ000 + V0k 

β01k = γ010 
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Model 2 tests whether the coefficient of the treatment indicator varies systematically across 
schools. The variance parameter τβ01 captures the extent to which the school treatment effects 
vary around γ010.  

Level 1 model 

Yijk = π0jk + εijk 

Level 2 model  

π0jk = β00k + β01k (Trtjk – Trt.k) + U0jk 

Level 3 model 

β00k = γ000 + V00k 

β01k = γ010 + V01k 

where 

⎛V00k ⎞ ⎡⎛0⎞ ⎛τ β 00 τ β 01 ⎞⎤⎜ ⎟ ~ N2 ⎢⎜ ⎟,⎜ ⎟⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎥  
⎝V 01k ⎠ ⎣⎢⎝0⎠ ⎝τ β10 τ β11 ⎠⎥⎦

Model 3 adds student and teacher covariates. A nonrandomly varying slope is assumed for these 
covariates. The treatment indicator is added as a fixed effect. 

Level 1 model  

Yijk = π0jk + π1jk (Pretestijk – Pretest...) + π2jk (IEPijk – IEP...) + π3jk (ELLijk – ELL...) + εijk 

Level 2 model  

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master.k) + β03k (Exp_lowjk – Exp_low.k)  

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk  

Level 3 model 

β00k = γ000 + V00k 

Model 4 adds school-level covariates. This model is very similar to the impact model presented 
in Chapter 4, but in this case, the coefficient of the treatment indicator is added as a fixed effect.  



In light of the relatively small number of schools, a parsimonious Level 3 model was specified.47 

Level 1 model 

Yijk = π0jk + π1jk (Pretestijk – Pretest...) + π2jk (IEPijk – IEP...) + π3jk (ELLijk – ELL...) + εijk 

Level 2 model 

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master.k) + β03k (Exp_lowjk – Exp_low.k) 

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk 

Level 3 model 

β00k = γ000 + γ001 (Hlunchk – Hlunch.) + γ002 (Midsizek – Midsize.) 

+ γ003 (Lsizek – Lsize.) + V00k 

The results of the analyses (Tables D3.1–D3.4) show that across all outcomes, the impact 
estimates and their standard errors were not sensitive to modeling the treatment as a fixed effect. 

47 Aside from the two Level 3 covariates included in the multilevel model, two others were tested: elementary (a 
dummy variable that takes the value of 1 for elementary schools and 0 for middle schools) and state (a dummy 
variable that captures whether the state is Connecticut or Rhode Island versus Massachusetts). The covariates in the 
multilevel model were selected after regressing the estimated Bayes residuals from Model 3 on all the potential 
Level 3 predictors. 
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Table D3.1 Treatment as a Fixed Effect: Results for Gates-MacGinitie Reading Tests Reading Vocabulary Subtest 

M
Fully unconditional 

odel 0: 
Model 1: 

Adding treatment 
indicator as fixed effect 

Model 2: 
Adding treatment 

indicator as a random effect 

Adding st
covariat
indicato

Model 3: 
udent and teacher 
es and treatment 
r as fixed effect Model 3 + 

Model 4: 
school covariates 

Fixed effect Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value 

Intercept 

School-level covariates 
More than 74% of enrollment eligible for 
free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less 
than 440) 
Large-sized: Enrollment greater than 575 
(vs. less than 440) 

Teacher-level covariates 

Thinking Reader 
Years of experience 4–20 (vs. more than 
20) 
Years of experience less than 4 (vs. more 
than 20) 

Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. 
non-individualized education program) 
English language learner (vs. non-English 
language learner) 

Pretest score 

515.48 2.73 .00 515.50

–3.06 

 2.73 

2.34 

.00 

.20 

515.50 

–2.15 

2.72 

2.62 

.00 

.42 

517.11

–1.06 

1.98 

5.98 

–0.02 

–7.70 

–3.95 

0.81 

 0.92 

1.21 

2.17 

3.16 

1.73 

1.68 

1.58 

0.01 

.00 

.39 

.36 

.06 

.99 

.00 

.01 

0.00 

517.07 

–4.95 

–4.90 

–6.49 

–1.06 

2.11 

6.18 

0.20 

–8.18 

–3.57 

0.80 

0.64 

1.31 

1.63 

1.58 

1.23 

2.19 

3.20 

1.75 

1.68 

1.55 

0.01 

.00 

.00

.01

.00

.39 

.34

.06

.91

.00

.02

.00

Random effect Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value 

Level 1 

Level 2 

Level 3 

Thinking Reader achievement effect 

N 

989.42 

73.35 

188.99 

— 

2,156  

166.92 
(59) 

167.26 
(31) 

.00 

.00

989.30 

70.39 

 190.17 

— 

2,156  

165.16 (58) 

171.50 (31) 

.00 

.00 

989.80 

40.09 

200.58 

84.42 

2,156 

47.87 (27) 

229.96 
(31) 

52.64 (31) 

.01 

.00 

.01 

368.54 

12.96 

14.94 

— 

2,147  

111.65 (55) 

73.79 (31) 

.00 

.00 

368.34 

13.83 

0.65 

— 

2,147 

111.75 
(55) 

34.36 (28) 

.00 

.19 

— Indicates that the random effect was not estimated for that model. 

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; Gates-MacGinitie Reading Tests vocabulary subtest administered by study team. 
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Table D3.2 Treatment as a Fixed Effect: Results for Gates-MacGinitie Reading Tests Reading Comprehension Subtest 

Model 0: 
Fully unconditional 

Model 1: 
Adding treatment 

indicator as fixed effect 

Model 2: 
Adding treatment 

indicator as a random effect 

Addin
teacher cova

indicato

Model 3: 
g student and 
riates and treatment 
r as fixed effect 

Model 4: 
Model 3 + school covariates 

Fixed effect Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value Coefficient 
Standard 

error 
p 

value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for 
free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less 
than 440) 
Large-sized: Enrollment greater than 575 
(vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 
20) 
Years of experience less than 4 (vs. more 
than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. 
non-individualized education program) 
English language learner (vs. non-English 
language learner) 
Pretest score 

505.78 2.42 .00 505.79 

–2.69 

2.42 

2.49 

.00 

.28 

505.82 

–2.11 

2.43 

2.58

.00 

 .42 

506.67 

0.78 
–1.63 

1.24 

–2.64 

–7.34 

–1.59 

0.71 

1.07 

1.64 
2.90 

4.25 

2.32 

1.98 

1.84 

0.02 

.00 

.64 

.58 

.77 

.26 

.00 

.39 

.00 

506.60 

–5.27 

–3.53 

–5.16 

0.75 
–1.55 

1.36 

–2.39 

–7.74 

–0.77 

0.71 

0.89 

1.80 

2.25 

2.19 

1.65 
2.92 

4.28 

2.33 

1.99 

1.82 

0.02 

.00 

.01

.13

.03

.65 

.60

.75

.31 

.00

.67

.00

Random effect Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value 
Level 1  
Level 2 

Level 3 

Thinking Reader achievement effect 
N 

947.35 
90.17 

133.61 

— 
2,149 

188.70 
(59) 

115.07 
(31) 

.00 

.00

947.33 
87.72 

 134.22 

— 
2,149 

187.39 (58) 

116.93 (31) 

.00 

.00

947.52 
76.83 

 139.20 

29.69 
2,149 

84.16 (27) 

126.46 
(31) 

32.55 (31) 

.00 

.00 

.39 

504.74 
30.56 

15.51 

— 
2,140 

136.31 (55) 

57.28 (31) 

.00 

.00 

504.52 
31.34 

2.97 

— 
2,140

136.65 
(55) 

38.49 (28) 

.00 

.09 

— Indicates that the random effect was not estimated for that model.. 

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire administered by study team; 
student rosters completed by study teachers; Gates-MacGinitie Reading Tests comprehension subtest administered by study team.
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Table D3.3 Treatment as a Fixed Effect: Results for Metacognitive Awareness of Reading Strategies Inventory 

Fixed effect 

Model 0: 
Fully unconditional 

Model 1: 
Adding treatment 

indicator as fixed effect 

Model 2: 
Adding treatment 

indicator as a random effect 

Model 3: 
Adding student and 

teacher covariates and 
treatment indicator as fixed 

effect 
Model 4: 

Model 3 + school covariates 

Standard 
Coefficient error 

p 
value 

Standard p 
Coefficient error value 

Standard p 
Coefficient error value 

Standard p 
Coefficient error value 

Standard p 
Coefficient error value 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for 
free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less 
than 440) 
Large-sized: Enrollment greater than 575 
(vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 
20) 
Years of experience less than 4 (vs. more 
than 20) 
Master's degree or higher (vs. bachelor’s)

Student-level covariates 
Individualized education program (vs. 
non-individualized education program) 
English language learner (vs. non­
English language learner) 
Pretest score

3.11 0.04 .00 3.11 

0.03 

0.04 

0.05 

.00 

.58 

3.11 

–0.00 

0.04 

0.05 

.00 

.99 

3.08 

0.02 
–0.09 

0.01 

 0.06 

–0.06 

–0.01 

 0.56 

0.03 

0.04 
0.07 

0.10 

0.06 

0.05 

0.05 

0.02 

.00 

.71 

.21 

.95 

.27 

.20 

.90 

.00 

3.09 

0.08 

–0.02 

–0.03 

0.01 
–0.09 

0.01 

0.06 

–0.06 

–0.01 

0.56 

0.03 

0.05 

0.07 

0.07 

0.04 
0.07 

0.10 

0.06 

0.05 

0.05 

0.02 

.00 

.14 

.82 

.64 

.72 

.21 

.94 

.28 

.23 

.84 

.00 

Random effect Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value Variance χ2 (df) 
p 

value 

Level 1  
Level 2 

Level 3 

Thinking Reader achievement effect 

N 

0.49 
0.02 

0.03 

— 

2,217 

127.23 
(60) 

97.76 
(31) 

.00

.00 

0.49 
 0.02 

0.03 

— 

2,217 

126.13 
(59) 

98.78 
(31) 

.00 

.00

0.49 
0.02 

 0.03 

0.01 

2,217 

60.89 
(28) 

111.82 
(31) 

33.49 
(31) 

.00

.00 

.35 

0.35 
 0.02 

0.01 

— 

2,201 

124.58 
(56) 

63.47 
(31) 

.00

.00 

0.35 
 0.02 

0.01 

— 

2,201 

124.44 
(56) 

56.86 
(28) 

.00 

.00 

— Indicates that the random effect was not estimated for that model... 

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire administered by study team; 
student rosters completed by study teachers; Metacognitive Awareness of Reading Strategies Inventory survey administered by study team. 
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Table D3.4 Treatment as a Fixed Effect: Results for Motivation for Reading Questionnaire 
Model 3: 

Model 1: Model 2: Adding student and 
Model 0: Adding treatment Adding treatment teacher covariates and treatment Model 4: 

Fully unconditional indicator as fixed effect indicator as a random effect indicator as fixed effect Model 3 + school covariates 

Standard p Standard p Standard p Standard p Standard p 
Fixed effect Coefficient error value Coefficient error value Coefficient error value Coefficient error value Coefficient error value 

Intercept 2.78 0.02 .00 2.78 0.02 .00 2.78 0.02 .00 2.76 0.02 .00 2.77 0.01 .00 
School-level covariates 

More than 74% of enrollment eligible 0.06 0.03 .05 
for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less –0.02 0.04 .60 
than 440) 
Large-sized: Enrollment greater than –0.04 0.04 .22 
575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader –0.02 0.03 .51 –0.04 0.03 .26 –0.00 0.02 .95 –0.00 0.02 .95 
Years of experience 4–20 (vs. more than –0.03 0.04 .46 –0.03 0.04 .50 
20) 
Years of experience less than 4 (vs. 0.01 0.06 .87 0.01 0.06 .84 
more than 20) 
Master's degree or higher (vs. 0.03 0.03 .45 0.03 0.03 .47 
bachelor’s) 

Student-level covariates 
Individualized education program (vs. –0.02 0.03 .55 –0.01 0.03 .62 
non-individualized education program) 
English language learner (vs. non­ –0.05 0.03 .10 –0.05 0.03 .08 
English language learner) 
Pretest score  0.67 0.02 .00 0.66 0.02 .00

p p p p p 
Random effect Variance χ2 (df) value Variance χ2 (df) value Variance χ2 (df) value Variance χ2 (df) value Variance χ2 (df) value 
Level 1  0.24 0.24 0.24 0.14 0.14 
Level 2 0.01 127.60 .00 0.01 128.50 .00 0.01 63.66 .00 0.01 109.56 .00 0.01 109.60 .00 

(60) (59) (28) (56) (56) 
Level 3 0.01 60.61 (31) .00 0.01 60.24 .00 0.01 68.81 .00 0.00 51.58 .01 0.00 41.44 (28) .05 

(31) (31) (31) 
Thinking Reader achievement effect — — 0.01 34.63 .30 — — 

(31) 
N 2,225 2,225 2,225 2,201 2,201
— Indicates that the random effect was not estimated for that model.

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire administered by study team; 

student rosters completed by study teachers; Motivation for Reading Questionnaire surveys administered by study team.
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D4. Sensitivity Analysis: Two-Level Impact Model 

The third sensitivity analysis examined how sensitive the findings were to a two-level model as 
opposed to a three-level model. A sequence of two-level models (Models 0–4) was conducted. 
For each sequence, Level 1 represents the between-student and within-teacher model and Level 2 
represents the between-teacher model. The fully unconditional model (Model 0) is presented 
first. Following is an unadjusted model that includes only the treatment indicator (Model 1) and a 
model that adjusts the treatment indicator by student and teacher covariates (Model 2). In Models 
3 and 4, the school effects are added as fixed effects by including 32–1 school dummy variables 
at the teacher level. Finally, Model 4 adds the interactions between the treatment indicator and 
the school dummy variables. These models are presented below. 

Model 0 is the fully unconditional model. 

Level 1 model 

Yij = π0j + εij 

Level 2 model 

π0j = β00 + U0j 

Model 1 adds the treatment indicator centered within each school. The subscript k = 1, … , 32 
corresponds to the 32 schools. 

Level 1 model 

Yij = π0j + εij 

Level 2 model 

π0j = β00 + β01 (Trtj – Trt.k) + U0j 


Model 2 adds student- and teacher-level predictors.


Level 1 model 

Yij = π0j + π1j (Pretestij – Pretest...) + π2j (IEPij – IEP...) + π3j (ELLij – ELL...) + εij 

Level 2 model 

π0j = β00 + β01 (Trtj – Trt.k) + β02 (Masterj – Master.k) + β03 (Exp_lowj – Exp_low.k) 

+ β04 (Exp_Medj – Exp_Med.k) + U0j 
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Model 3 includes the 32–1 school dummy variables. To generate the school dummy variables, 
effects coding was used. 

Level 1 model  

Yij = π0j + π1j (Pretestij – Pretest…) + π2j (IEPij – IEP...) + π3j (ELLij – ELL...) + εij 

Level 2 model 

π 0 j = β00 + β01(Trt j −Trt.k ) + β02 (Masterj − master.k ) + β03 (Exp _ lowj − Exp _ low.k ) +
31  

β04 (Exp _ Med j − Exp _ Med.k ) + δ k∑ schoolk +U0 j
k=1

Finally, Model 4 includes the interactions between the school dummy variables and the 
treatment indicator. These interactions aim to test whether the treatment effect varies from school 
to school.  

Level 1 model  

Yij = π0j + π1j (Pretestij – Pretest…) + π2j (IEPij – IEP...) + π3j (ELLij – ELL...) + εij 

Level 2 model 

π 0 j = β00 + β01(Trt j −Trt.k ) + β02 (Masterj − master.k ) + β03 (Exp _ lowj − Exp _ low.k ) +
31 31  

β04 (Exp _ Med j − Exp _ Med.k ) + δ k∑ schoolk + λk∑ schoolk ×Trt j +U0 j
k=1 k=1

The treatment by school interactions is not identified in schools in which only two teachers were 
randomized (15 schools). In these cases, the interactions are confounded by the between-teacher 
error. In schools with more than two teachers (17 schools), these interactions can be identified 
but with low power. 

Tables D4.1–D4.4 show the results of the four models. The direction and magnitude of the 
treatment effects and overall conclusions did not change using the two-level model compared 
with the three-level model presented in Chapter 4. 



Table D4.1 Two-Level Impact Model: Results for Gates-MacGinitie Reading Tests Reading Vocabulary Subtest Based on Listwise Deletion of Missing Data 
Model 4: 

Model 2: Model 3: Model 3 + interaction 
Model 0: Model 1: Adding Adding student  Model 2 + school between school dummy variables 

Fully unconditional treatment indicator and teacher covariates dummy variablesa and treatment indicatorb 

Standard p Standard p Standard p Standard p Standard p 
Fixed effect Coefficient error value Coefficient error value Coefficient error value Coefficient error value Coefficient error value 
Intercept 516.46 1.85 .00 516.45 1.85 .00 516.46 2.07 .00 516.99 0.68 .00 516.94 0.64 .00 
Teacher-level covariates 

Thinking Reader –3.33 3.75 .38 –0.84 1.50 .58 –0.98 1.28 .45 –1.06 1.36 .45 
Years of experience 4–20 (vs. more than 20)  0.70 1.86 .71 2.02 2.30 .38 3.20 2.94 .29
Years of experience less than 4 (vs. more 4.43 2.66 .10 5.75 3.35 .09 8.81 4.83 .08
than 20) 
Master's degree or higher (vs. bachelor’s) –0.48 1.65 .77 –0.04 1.84 .99 –0.25 2.47 .92 

Student-level covariates 
Individualized education program (vs. non­ –7.44 1.69 .00 –7.96 1.70 .00 –7.91 1.71 .00
individualized education program) 
English language learner (vs. non-English –4.16 1.57 .01 –3.46 1.62 .03 –3.54 1.64 .03
language learner) 
Pretest score  0.81 0.01 .00 0.80 0.01 .00 0.80 0.01 .00

p p p p p 
Random effect Variance χ2 (90) value Variance χ2 (89) value Variance χ2 (86) value Variance χ2 (55) value Variance χ2 (24) value 
Level 1 990.51 990.51 369.26 368.66 369.01 
Level 2 257.94 590.65 .00 258.66 589.52 .00 29.18 232.86 .00 16.51 112.08 .00 11.34 41.30 .02 
N 2,156 2,156 2,147  2,147 2,147 
aThe 31 school dummy variables are omitted. 

bThe 31 school dummy variables and the interactions between those dummy variables and the treatment indicator are omitted. 

Source: Teacher background questionnaire administered by study team; student rosters completed by study teachers; Gates-MacGinitie Reading Tests vocabulary subtest administered by study team. 
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Table D4.2 Two-Level Impact Model: Results for Gates-MacGinitie Reading Tests Reading Comprehension Subtest Based on Listwise Deletion of Missing Data 
Model 4: 

Model 2: Model 3: Model 3 + interaction 
Model 0: Model 1: Adding Adding student  Model 2 + school between school dummy variables 

Fully unconditional treatment indicator and teacher covariates dummy variablesa and treatment indicatorb 

Standard p Standard p Standard p Standard p Standard p 
Fixed effect Coefficient error value Coefficient error value Coefficient error value Coefficient error value Coefficient error value 
Intercept 506.46 1.72 .00 506.45 1.73 .00 509.61 2.61 .00 506.22 0.89 .00 506.22 0.98 .00 
Teacher-level covariates 

Thinking Reader –3.01 3.50 .39 0.46 1.89 .81 0.88 1.69 .61 0.95 2.11 .66 
Years of experience 4–20 (vs. more than 20) –2.53 2.34 .28 –1.47 3.01 .63 –0.52 4.65 .91 
Years of experience less than 4 (vs. more –1.69 3.36 .62 1.28 4.41 .77 3.28 7.88 .68 
than 20) 
Master's degree or higher (vs. bachelor’s) –1.24 2.09 .55 –2.69 2.40 .27 –0.41 3.83 .92 

Student-level covariates 
Individualized education program (vs. non­ –7.16 1.99 .00 –7.87 2.01 .00 –7.92 2.03 .00 
individualized education program) 
English language learner (vs. non-English –1.67 1.83 .36 –1.68 1.89 .37 –1.81 1.90 .34 
language learner) 
Pretest score  0.71 0.02 .00 0.70 0.02 .00 0.69 0.02 .00

p p p p p 
Random effect Variance χ2 (90) value Variance χ2 (89) value Variance χ2 (86) value Variance χ2 (55) value Variance χ2 (24) value 
Level 1 947.39 947.37 505.23 504.96 504.38 
Level 2 219.52 531.91 .00 220.40 530.84 .00 50.43 266.55 .00 34.39 136.86 .00 46.35 70.54 .00 
N 2,149 2,149 2,140  2,140 2,140 
aThe 31 school dummy variables are omitted.

bThe 31 school dummy variables and the interactions between those dummy variables and the treatment indicator are omitted.

Source: Teacher background questionnaire administered by study team; student rosters completed by study teachers; Gates-MacGinitie Reading Tests comprehension subtest administered by study team. 
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Table D4.3 Two-Level Impact Model: Results for Metacognitive Awareness of Reading Strategies Inventory Based on Listwise Deletion of Missing Data 
Model 4: 

Model 2: Model 3: Model 3 + interaction 
Model 0: Model 1: Adding Adding student  Model 2 + school between school dummy variables 

Fully unconditional treatment indicator and teacher covariates dummy variablesa and treatment indicatorb 

Standard p Standard p Standard p Standard p Standard p 
Fixed effect Coefficient error value Coefficient error value Coefficient error value Coefficient error value Coefficient error value 
Intercept 3.08 0.03 .00 3.08 0.03 .00 3.19 0.06 .00 3.10 0.02 .00 3.10 0.02 .00 
Teacher-level covariates 

Thinking Reader  0.02 0.06 .75 0.02 0.046 .72 0.02 0.04 .71 0.02 0.05 .73
Years of experience 4–20 (vs. more than 20) –0.12 0.057 .04 –0.10 0.07 .20 –0.07 0.10 .50 
Years of experience less than 4 (vs. more –0.06 0.082 .48 0.00 0.11 1.00 0.26 0.17 .14
than 20) 
Master's degree or higher (vs. bachelor’s) –0.05 0.051 .38 0.06 0.06 .32 0.09 0.09 .30 

Student-level covariates 
Individualized education program (vs. non­ –0.07 0.046 .15 –0.06 0.047 .22 –0.07 0.05 .14
individualized education program) 
English language learner (vs. non-English –0.00 0.047 .95 –0.01 0.048 .78 –0.02 0.05 .67
language learner) 
Pretest score  0.56 0.019 .00 0.55 0.020 .00 0.55 0.02 .00

p p p p p 
Random effect Variance χ2 (90) value Variance χ2 (89) value Variance χ2 (86) value Variance χ2 (55) value Variance χ2 (24) value 
Level 1 0.49 0.49 0.36 0.36 0.36 
Level 2 0.05 339.09 .00 0.06 338.34 .00 0.03 260.68 .00 0.02 124.85 .00 0.02 53.40 .00 
N 2,217 2,217 2,201  2,201 2,201 
aThe 31 school dummy variables are omitted.

bThe 31 school dummy variables and the interactions between those dummy variables and the treatment indicator are omitted.

Source: Teacher background questionnaire administered by study team; student rosters completed by study teachers; Metacognitive Awareness of Reading Strategies Inventory survey administered by study team.
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Table D4.4 Two-Level Impact Model: Results for Motivation for Reading Questionnaire Based on Listwise Deletion of Missing Data 
Model 4: 

Model 3 + interaction 
Model 2: Model 3: between school dummy 

Model 0: Model 1: Adding Adding student  Model 2 + school variables  
Fully unconditional treatment indicator and teacher covariates dummy variablesa and treatment indicatorb 

Standard p Standard p Standard p Standard p Standard p 
Fixed effect Coefficient error value Coefficient error value Coefficient error value Coefficient error value Coefficient error value 
Intercept 2.77 0.02 .00 2.77 0.02 .00 2.82 0.04 .00 2.78 0.01 .00 2.77 0.01 .00 
Teacher-level covariates 

Thinking Reader –0.02 0.04 .56 0.00 0.03 1.00 0.00 0.03 .94 –0.01 0.03 .66 
Years of experience 4–20 (vs. more than 20) –0.04 0.03 .19 –0.04 0.04 .42 –0.07 0.06 .26 
Years of experience less than 4 (vs. more than –0.04 0.05 .45 0.01 0.07 .94 0.05 0.10 .60 
20) 
Master's degree or higher (vs. bachelor’s) –0.04 0.03 .15 0.02 0.04 .55 0.01 0.05 .85 

Student-level covariates 
Individualized education program (vs. non­ –0.02 0.03 .46 –0.01 0.03 .66 –0.02 0.03 .43 
individualized education program) 
English language learner (vs. non-English –0.05 0.03 .12 –0.06 0.03 .08 –0.05 0.03 .09 
language learner) 
Pretest score 0.67 0.02 .00 0.66 0.02 .00 0.66 0.02 .00 

p p p p p 
Random effect Variance χ2 (90) value Variance χ2 (89) value Variance χ2 (86) value Variance χ2 (55) value Variance χ2 (24) value 
Level 1 0.24 0.24 0.14 0.14 0.14 
Level 2 0.02 250.15 .00 0.02 251.10 .00 0.01 199.02 .00 0.01 109.67 .00 0.01 47.15 .01 
N 2,225 2,225 2,208  2,208 2,208 
aThe 31 school dummy variables are omitted. 

bThe 31 school dummy variables and the interactions between those dummy variables and the treatment indicator are omitted. 

Source: Teacher background questionnaire administered by study team; student rosters completed by study teachers; Motivation for Reading Questionnaire survey administered by study team.
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D5. Sensitivity Analysis: Impact Results Based on Reduced Sample of One 
Classroom per Teacher 

The fourth sensitivity analysis assessed whether results were sensitive to the number of classes 
per teacher (multiple classrooms vs. one classroom). Because of the mix of different school 
configurations in the sample, 62 teachers taught only one classroom and 30 teachers taught 
multiple classrooms (see Table D5.1).  

Table D5.1 Number and Percentage of Teachers With One and Multiple Classes, by Study Condition 

Teacher group 
Intervention Control 

χ2 (df = 1) p value Number Percent Number Percent 

Teachers with multiple classes 16 32.7 14 32. 6 
Teachers with one class 33 67.4 29 67.4 0.00 .99 
Note: Total classes equaled 129 (67 in the intervention group and 62 in the control group). 
Source: Student rosters completed by study teachers. 

Randomization should have balanced the number of classes per teacher. In other words, that 
some teachers had multiple classes should not have introduced any bias in the estimation of the 
treatment coefficient. Table D5.2 presents the average number of classes and students per teacher 
in the intervention and control conditions. The results of this table reveal that the average number 
of classes and students per teacher in the two conditions were almost identical. 

Table D5.2 Comparing Full and Reduced Samples: Average Number of Classes and Students per Teacher, by Study 
Condition 
Classes and students 
Average classes per teacher 

Total Intervention Control 

Full sample 1.4 1.4 1.4 
Subsample 

Average students per teacher 
1.0 1.0 1.0 

Full sample 26.7 26.8 26.7


Subsample 
Source: Student rosters completed by st

18.5
udy teachers. 

 18.8 18


The impact models were first run using the entire sample (reported in Chapter 4). Though 
multilevel modeling, software can account for unequal cluster sizes, and teachers who taught 
multiple sections may have contributed disproportionately to the effects observed. As a 
sensitivity analysis, the impact models were run on a reduced sample, created by randomly 
selecting and including only a single classroom for the teachers who taught multiple sections 
(i.e., all teachers had one classroom). This reduced the student sample from 2,407 to 1,699. The 
characteristics of that subsample are presented in Table D5.3. 
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Table D5.3 Student Characteristics of the Reduced Sample, by Condition 
Intervention (n = 923) Control (n = 776) 

Characteristic Number Percent Number Percent χ2 (df)a p value 
Female 472 51.1 411 53.0 χ2 (1) = 0.56 .45 
Race/ethnicityb χ2 (4) = 4.33 .36 

Black 125 14.5 107 14.6 .94
Asian 47 5. 5 52 7.1 .17 
Hispanic 261 30.2 202 27.6 .25 
White 292 33.8 267 36.5 .27
Other race/ethnicity 138 16.0 104 14.2 .32 

Individualized education program 120 13.0 54 7.0 χ2 (1) = 16.74 .00 
English language learner 66 7.2 91 11.7 χ2 (1) = 10.53 .00 
aNumbers in parentheses are degrees of freedom for chi-squared tests. The calculation of the statistics does not account for the clustering of 
students by teacher or teacher by school. 

bThis variable had 104 missing cases (60 in the intervention group and 44 in the control group).

Source: Student self-report section on Gates-MacGinitie Reading Tests administered by study team; student rosters completed by study teachers. 


Results of the impact models with the smaller sample of students are presented in Tables D5.4 
and D5.5. The direction and magnitude of the treatment effects and overall conclusions did not 
change between the full and reduced samples. 
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Table D5.4 Impact Results on Reading Achievement Based on Reduced Sample of One Classroom per Teacher and Listwise Deletion of Missing Data 

Fixed effect 

GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Standard 
Coefficient error p value 

Standard 
Coefficient error p value 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

516.34

–4.74 
–4.47 
–6.19 

–0.75 
0.96 
3.57 

–0.20 

–8.83 
–3.69 
0.80 

 0.67 

1.41 
1.70 
1.68 

1.37
2.39 
3.49 
1.91 

1.98 
1.85 
0.02

.00 

.00 

.01 

.00 

 .59
.69 
.31 
.92 

.00 

.05 
 .00

506.38 

–5.35 
–2.86 
–4.38 

 0.55 
–0.65 
4.64 

–0.69

–6.32 
0.35 

 0.70 

1.05 

2.07 
2.57 
2.52 

2.04 
3.29 
4.86 
2.62

2.34 
2.18 
0.02 

.00 

.02 

.28 

.09 

.79 

.84 

.34 

.79

.01 

.87 

.00 

Random effect Variance χ2 (df) p value Variance χ2(df) p value 

Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

363.25 
15.09 
0.29 
0.79 

1,511 

42.95 (24) 
33.80 (28) 
32.45 (31) 

.01 

.21 

.40 

484.95 
35.25 
9.77 
26.80 
1,504 

66.41 (24) 
43.16 (28) 
37.40 (31) 

.00 

.03 

.20 

Note: GMRT is Gates-MacGinitie Reading Tests.

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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Table D5.5 Impact Results on Reading Strategies and Reading Motivation Based on Reduced Sample of One Classroom per Teacher and Listwise Deletion of Missing 
Data 

Fixed effect 

Reading strategies: MARSI Reading motivation: MRQ 

Standard 
Coefficient error p value 

Standard 
Coefficient error p value 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

3.11 

0.04 
0.00 
0.00 

–0.01
–0.10 
–0.03 
0.06 

–0.05 
0.04 
0.56 

0.03

0.05 
0.07 
0.07 

 0.04 
0.07 
0.10 
0.06 

0.06 
0.06 
0.02

 .00

.49 

.98 

.97 

.74 

.17 

.78 

.27 

.33 

.47 
 .00

 2.78 

0.04 
–0.02 
–0.02 

–0.03 
–0.04 
0.00 
0.04 

–0.04 
–0.04 

 0.67 

0.02 

0.03 
0.04 
0.04 

0.03 
0.04 
0.06 
0.03 

0.03 
0.04 
0.02 

.00 

.20 

.64 

.67 

.29 

.34 
1.00 
.27 

.21 

.29 

.00 

Random effect Variance χ2 (df) p value Variance χ2 (df) p value 

Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.35 
0.01 
0.01 
0.01 

1,548 

48.03 (25) 
67.64 (28) 
34.15 (31) 

.00 

.00 

.32 

0.14 
0.00 
0.00 
0.01 

1,553 

47.14 (25) 
56.98 (28) 
37.11 (31) 

.01 

.00 

.21 

Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; MARSI and MRQ surveys administered by study team. 
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D6. Sensitivity Analysis: Impact Results Based on Reduced Sample That Excludes 
Students Whose Teachers Left the Sample 

The fifth sensitivity analysis examined whether the results were sensitive to keeping in the 
sample those students whose original teachers left their school at the beginning of the school 
year. The teacher sample was reduced by less than four teachers. In all cases, students were 
distributed into other classrooms. Following an intent-to-treat approach, their movement was 
tracked, and their original study group assignments in the impact analyses, which are presented 
in Chapter 4, were preserved. To verify that the impact estimates were unaffected by those 
classroom reassignments, the same impact models were run on a reduced sample that excluded 
the 20 students who were in these teachers’ classrooms. As shown in Tables D6.1 and D6.2, the 
impact estimates were nearly identical to the original results. 
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Table D6.1 Impact Results on Reading Achievement Excluding Students Whose Teachers Left the Sample Based on Listwise Deletion of Missing Data 

Fixed effect 

GMRT: Vocabulary subtest GMRT: Comprehension subtest 
Standard 

Coefficient error p value 
Standard 

Coefficient error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest score 

517.14

–5.12
–4.35
–5.04

–1.24
2.58
6.29
0.46

–8.23
–3.80
0.80

 0.66 

 1.31 
 1.63 
 1.58 

 1.33 
 2.12 
 3.12 
 1.71 

 1.66 
 1.56 
 0.01 

.00 

.00 

.01 

.00 

.36 

.23 

.05 

.79 

.00 

.02 

.00 

506.62 

–5.26 
–3.13 
–4.52 

0.83 
–1.71 
1.61 
–2.10 

–7.83 
–1.10 
0.71 

0.93 

1.83 
2.29 
2.23 

1.74 
2.83 
4.16 
2.26 

1.98 
1.84 
0.02 

.00 

.01 

.18 

.05 

.64 

.55 

.70 

.36 

.00 

.55 

.00 
Random effect Variance χ2 (df) p value Variance χ2 (df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

367.76 
9.32 
2.74 

12.43 
2,131 

42.37 (22) 
41.12 (28) 
41.56 (31) 

.01 

.05 

.10 

505.17 
23.97 
7.73 
18.12 
2,124 

63.60 (22) 
44.00 (28) 
37.13 (31) 

.00 

.03 

.21 

Note: GMRT is Gates-MacGinitie Reading Tests.

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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Table D6.2 Impact Results on Reading Strategies and Reading Motivation Excluding Students Whose Teachers Left the Sample Based on Listwise Deletion of Missing 
Data 

Fixed effect 

Reading strategies: MARSI Reading motivation: MRQ 
Standard 

Coefficient error p value 
Standard 

Coefficient error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non–individualized education program) 
English language learner (vs. non–English language learner) 
Pretest score 

3.09 

0.07 
0.00 
0.00 

0.00 
–0.08 
0.03 
0.08 

–0.06 
–0.03 
0.56 

0.03

0.05
0.06
0.06

0.04
0.07
0.10
0.06

0.05
0.05
0.02

 .00 

 .19 
 .96 
 .99 

 .93 
 .27 
 .78 
 .16 

 .19 
 .59 
 .00 

2.77 

0.05 
–0.01 
–0.02 

–0.01 
–0.02 
0.03 
0.03 

–0.02 
–0.05 
0.66 

0.01

0.03
0.03
0.03

0.03
0.04
0.06
0.03

0.03
0.03
0.02

 .00 

 .07 
 .88 
 .59 

 .60 
 .61 
 .65 
 .36 

 .45 
 .07 
 .00 

Random effect Variance χ2 (df) p value Variance χ2 (df) p value 
Level 1  
Level 2 
Level 3 
Thinking Reader achievement effect 
N 

0.35 
0.01 
0.01 
0.01 

2,184 

58.37 (23) 
62.11 (28) 
34.59 (31) 

.00 

.00 

.30 

0.14 
0.00 
0.00 
0.01 

2,191 

50.49 (23) 
51.63 (28) 
38.20 (31) 

.00 

.00 

.18 

Note: MARSI is Metacognitive Awareness of Reading Strategies Inventory; MRQ is Motivation for Reading Questionnaire. 

Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; MARSI and MRQ surveys administered by study team.
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Appendix E. Exploratory Analyses 

This appendix contains information on the exploratory analyses, including the power analysis 
(Appendix E1), the impact model for the exploratory research questions relating to baseline 
achievement (Appendix E2), and the impact model for the exploratory research questions 
relating to baseline motivation (Appendix E3). Appendices E4 and E5 present two sensitivity 
analyses to explore the robustness of the results to changes in the size and composition of the 
tertiles. 

E1. Power for Exploratory Analysis 

To calculate the power for these subgroup analyses, we adjusted the assumptions made for the 
power calculations of the main study as follows:  

•	 Statistical significance: p < .05, two-tailed test. For the exploratory analyses, p values were 
not adjusted for multiple comparison.  

•	 Teacher and student sample size: Using baseline counts, each school averages 2.8 teachers. 
For the power calculations, an average of three teachers was assumed per school. Based on 
pretest information, each classroom averaged nine students per baseline achievement tertile.48 

For the power calculations, we assumed an average of 8 students per classroom and tertile 
(accounting for 11% of missing data at posttest).  

With these assumptions the minimum detectable effect size (MDES) estimates for within-tertile 
treatment effects are 0.22, 0.19, and 0.17 for R-squared values of .50, .60, and .70, respectively.  

E2. Three-Level Model for Exploratory Research Questions 1 and 2 

Level 1 (between-students, within-teacher and school model) 

Yijk = π0jk + π1jk (Pretest_T1ijk – Pretest_T1...) + π2jk (Pretest_T2ijk – Pretest_T2...) + π3jk (IEPijk – 

2IEP..) + π4jk (ELLijk – ELL…) + εijk, where εijk ~ N(0, σ ) 

Level 2 (between-teacher, within-school model) 

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master.k) + β03k (Exp_lowjk – Exp_low.k) 

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk, where U0jk ~ N(0, τπ00) 

π1jk = β10k + β11k (Trtjk – Trt.k) 

π2jk = β20k + β21k (Trtjk – Trt.k) 

π3jk = β30k 

48 Calculations were made using a sample of 90 teachers. 
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π4jk = β40k 

Level 3 (between-school model) 

β00k = γ000 + γ001 (Hlunchk – Hlunch.) + γ002 (Midsizek – Midsize.) 

+ γ003 (Lsizek – Lsize.) + V00k 

β01k = γ010 

β02k = γ020 

β03k = γ030 

β04k = γ040 

β10k = γ100 

β11k = γ110 

β20k = γ200 

β21k = γ210 

β30k = γ300 

β40k = γ400 

Yijk represents the posttest outcome score (reading vocabulary or reading comprehension) for 
student i in teacher j’s class in school k. 

Similar to the main impact model, in the Level 1 equation, the student outcome score is modeled 
as a function of the English language learner (ELL) status and the special education status (e.g., 
individualized education program [IEP]). Additionally, and instead of the continuous form of the 
pretest score, two tertile indicators “Pretest_T1” and “Pretest_T2” are included in the Level 1 
equation. The tertile indicators take the value of 1 for a student whose pretest scores are in the 
lowest and middle tertiles, and 0 otherwise.  

In the Level 2 equation, the adjusted mean outcome score π0jk for teacher j in school k is modeled 
as varying randomly across teachers and as a function of the treatment indicator (Trt) and teacher 
characteristics, such as highest level of education (Master’s degree) and years of teaching 
experience dummies (Exp_low and Exp_Med).  

In the Level 3 equation, the average outcome in each school is modeled as a function of the same 
covariates used in the main impact model: a dummy covariate that captures whether the 
percentage of students who are eligible for free or reduced-price lunch is higher than 74% 
(Hlunch) and enrollment dummies (Msize and Lsize). 

149 




The parameters of interest are γ110 and γ210. These parameters capture the cross-level interactions 
between the treatment status and the pretest tertile indicators, after holding constant the other 
covariates of the model. The differential effect of the treatment on students in the lowest tertile 
compared with students in the highest tertile is captured by γ110. Similarly, γ210 is the differential 
effect of the treatment on students in the middle tertile compared with students in the highest 
tertile.  

Appendix C includes a detailed description of the coding of the covariates included in the 
multilevel models.  

E3. Three-Level Model for Exploratory Research Questions 3 and 4 

Level 1 (between-students, within-teacher and school model) 

Yijk = π0jk + π1jk (MRQ_T1ijk – MRQ_T1…) + π2jk (MRQ_T2ijk – MRQ_T2...) + π3jk (Pretestijk – 

Pretest...) + π4jk (IEPijk – IEP...) + π5jk (ELLijk – ELL...) + εijk, where εijk ~ N(0, σ2) 

Level 2 (between-teacher, within-school model) 

π0jk = β00k + β01k (Trtjk – Trt.k) + β02k (Masterjk – Master.k) + β03k (Exp_lowjk – Exp_low.k) 

+ β04k (Exp_Medjk – Exp_Med.k) + U0jk, where U0jk ~ N(0, τπ00) 

π1jk = β10k + β11k (Trtjk – Trt.k) 

π2jk = β20k + β21k (Trtjk – Trt.k) 

π3jk = β30k 

π4jk = β40k 

π5jk = β50k 

Level 3 (between-school model) 

β00k = γ000 + γ001 (Hlunchk – Hlunch.) + γ002 (Midsizek – Midsize.) 

+ γ003 (Lsizek – Lsize.) + V00k 

β01k = γ010 

β02k = γ020 
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β03k = γ030 

β04k = γ040 

β10k = γ100 

β11k = γ110 

β20k = γ200 

β21k = γ210 

β30k = γ300 

β40k = γ400 

β50k = γ500 

In addition to the pretest score, and the indicators that capture whether the student is classified as 
IEP or ELL, the Level 1 equation also includes two dummy indicators—“MRQ_T1” and 
“MRQ_T2”—which take the value of 1 for students in the lowest and middle tertiles of the 
baseline motivation to read measure, respectively, and 0 otherwise.  

The parameters of interest are γ110 and γ210. These parameters measure the cross-level interaction 
between the treatment indicator and the Motivation for Reading Questionnaire (MRQ) lowest 
and middle tertile indicators, after holding constant the other covariates of the model. The 
differential effect of the treatment on students in the lowest tertile compared with students in the 
highest tertile is captured by γ110. Similarly, γ210 captures the differential effect of the treatment 
on students in the middle tertile compared with students in the highest tertile. 
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Table E3.1 Exploratory Impact Results on Reading Achievement (Research Questions 1 and 2) 

Fixed effect 

GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Coefficient Standard error p value Coefficient Standard error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Tertile 1: Lowest achievement tertile (vs. highest tertile) 
Tertile 1 *Thinking Reader 
Tertile 2 : Middle achievement tertile (vs. highest tertile) 
Tertile 2 *Thinking Reader 
Tertile 1: Lowest achievement tertile (vs. middle tertile)a 
Tertile 1 *Thinking Readera 

516.66
  

–7.51
–4.55
–6.46

  
–0.61
2.37
5.62

–0.47
  

–11.18
–5.96
–57.86

3.19
–31.74
–0.32
–26.13

3.51

 0.74 

 1.52 
 1.89 
 1.83 

 1.36 
 2.44 
 3.55 
 1.95 

 1.96 
 1.81 
 1.36 

 2.57 
 1.21 

 2.42 
 1.27 

 2.51 

.00 
 

.00 

.02 

.00 
 

.65 

.34 

.12 

.81 
 

.00 

.00 

.00 

.21 

.00 

.90 

.00 

.16 

506.45 
 

–6.91 
–4.16 
–6.02 

 
–0.54 
–0.42 
1.21 
–1.35 

 
–11.59 
–2.39 

–49.30 
2.69 

–28.01 
–3.07 

–21.29 
5.77 

0.99 
 

2.01 
2.52 
2.46 

 
1.76 
3.14 
4.59 
2.50 

 
2.11 
1.94 
1.37 
2.69 
1.32 
2.65 
1.34 
2.69 

.00 
 

.00 

.11 

.02 
 

.76 

.90 

.79 

.59 
 

.00 

.22 

.00 

.32 

.00 

.25 

.00 

.03 
Random effect  Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
N 

507.57  
14.59
1.94

2,147  

 95.79(55) 
 38.70(28) 

 
.00 
.09 

 

568.04 
36.52 
5.76 
2,140 

 
141.42(55) 
41.60(28) 

 

 
.00 
.05 

 

Note: GMRT is Gates-MacGinitie Reading Tests. 
aThe coefficient, standard error and p value for this contrast were obtained by changing the reference group from Tertile 3 to Tertile 2 in the multilevel model. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher backgr
by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 

ound questionnaire administered 
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Table E3.2 Exploratory Impact Results on Reading Achievement (Research Questions 3 and 4) 

Fixed effect 

GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Coefficient Standard error p value Coefficient Standard error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: enrollment 440–575 (vs. less than 440) 
Large-sized: enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non–individualized education program) 
English language learner (vs. non–English language learner) 
Pretest 
Motivation to read Tertile 1: lowest tertile (vs. highest tertile) 
Motivation to read Tertile 1*Thinking Reader 
Motivation to read Tertile 2: middle tertile (vs. highest tertile) 
Motivation to read Tertile 2*Thinking Reader 
Motivation to read Tertile 1: lowest tertile (vs. highest tertile)a 
Motivation to read Tertile 1*Thinking Readera 

517.02
  

–5.16
–4.80
–6.47

  
–1.12
2.16
6.40
0.27

  
–8.02
–3.78
0.80

–2.24
–1.15
–1.22
0.43

–1.02
–1.58

 0.64 

 1.31 
 1.62 
 1.57 

 1.23 
 2.20 
 3.21 
 1.76 

 1.69 
 1.55 
 0.01 
 1.06 
 2.13 
 1.03 
 2.06 
 1.03 
 2.09 

.00 
 

.00 

.01 

.00 
 

.37 

.33 

.05 

.88 
 

.00 

.02 

.00 

.04 

.59 

.24 

.84 

.33 

.45 

506.64 
 

–5.45 
–3.05 
–5.08 

 
0.79 

–1.39 
2.10 

–2.15 
 

–7.32 
–0.83 
0.70 

–2.91 
–2.37 
–0.09 
–2.04 
–2.82 
–0.33 

0.85 
 

1.72 
2.14 
2.07 

 
1.65 
2.92 
4.28 
2.33 

 
2.00 
1.82 
0.02 
1.25 
2.50 
1.21 
2.42 
1.21 
2.45 

.00 
 

.00 

.17 

.02 
 

.63 

.63 

.63 

.36 
 

.00 

.65 

.00 

.02 

.35 

.94 

.40 

.02 

.89 
Random effect  Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
N 

367.33  
13.94
0.42

2,135  

 111.97(55) 
 33.70(28) 

 
.00 
.21 

 

500.21 
31.29 
0.75 

2,129 

 
136.48(55) 
35.33(28) 

 

 
.00 
.16 

 

Note: GMRT is Gates-MacGinitie Reading Tests. 
aThe coefficient, standard error and p value for this contrast were obtained by changing the reference group from Tertile 3 to Tertile 2 in the multilevel model. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 

 background questionnaire 

 



E4. Sensitivity Analysis 1: Exploratory Impact Results Using Semi-Open Intervals to 
Define the Tertiles 

The first sensitivity analysis defined the baseline achievement and motivation to read tertiles as 
semi-open intervals. More precisely, in the analyses, Tertiles 1 and 2 no longer include the upper 
bound values equivalent to the cumulative percentages of 33% and 66%, respectively. Tertile 1 
includes all the pretest scores that fall below the cumulative percentage of 33%, and Tertile 2 
includes all the scores at or above the 33% but below the 66% cumulative percentages. The 
exploratory impact analyses were re-estimated using these new cut points. The following tables 
present the new distributions of the tertiles for baseline reading vocabulary (Table E4.1), reading 
comprehension (Table E4.1), and motivation to read (Table E4.2). Tables E4.3 and E4.4 present 
results of the multilevel models for the tertiles based on semi-open intervals.  

Table E4.1 Sensitivity Analysis 1: Reading Achievement Pretest Measure, by Baseline Achievement Tertile 
Standard 

Baseline achievement tertiles N Percent Mean deviation Minimum Maximum 
Reading Vocabulary 

Tertile 1 714 29.90 465.13 17.69 367 483 
Tertile 2 820 34.34 498.40 7.86 486 510 

Tertile 3 854 35.76 536.73 22.55 514 653 


Reading Comprehension 
Tertile 1 784 32.83 466.16 15.81 396 487 
Tertile 2 728 30.49 498.47 6.86 488 509 
Tertile 3 876 36.68 534.44 19.76 512 652 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 

Table E4.2 Sensitivity Analysis 1: Motivation to Read Pretest Scores, by Baseline Reading Motivation Tertile 
Standard 

Baseline motivation tertiles N Percent Mean deviation Minimum Maximum 
Tertile 1 762 31.92 2.29 0.31 1.19 2.67 
Tertile 2 816 34.19 2.87 0.12 2.67 3.06


Tertile 3 809 33.89 3.32 0.19 3.08 3.96


Source: Motivation for Reading Questionnaire survey administered by study team. 
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Table E4.3 Sensitivity Analysis 1: Exploratory Impact Results on Reading Achievement (Research Questions 1 and 2) 
GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Standard Standard 
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Tertile 1: Lowest achievement tertile (vs. highest tertile) 
Tertile 1 *Thinking Reader 
Tertile 2: Middle achievement tertile (vs. highest tertile) 
Tertile 2 *Thinking Reader 
Tertile 1: Lowest achievement tertile (vs. middle tertile)a 

aTertile 1 *Thinking Reader  

516.58
  

–7.75
–4.47
–6.48

  
–0.50
1.87
4.98
0.01

  
–11.76
–6.32

–56.41
3.71

–31.68
–0.70

–24.73
4.41

 0.79 

 1.62 
 2.01 
 1.95 

 1.42 
 2.54 
 3.70 
 2.03 

 2.00 
 1.85 
 1.40 

 2.65 
 1.21 
 2.41 
 1.33 

 2.65 

.00 
 

.00 

.03 

.00 
 

.72 

.46 

.18 
1.00 

 
.00 
.00 
.00 
.16 
.00 
.77 
.00 
.10 

506.48 
 

–6.93 
–4.29 
–6.03 

 
–0.42 
–0.16 
1.56 

–1.89 
 

–10.96 
–2.80 
–48.16 

3.01 
–28.56 
–4.07 
–19.60 

7.09 

1.02 
 

2.07 
2.59 
2.53 

 
1.81 
3.22 
4.72 
2.57 

 
2.14 
1.97 
1.40 
2.75 
1.32 
2.64 
1.38 
2.80 

.00 

.00 

.11 

.02 

.82 

.96 

.74 

.46 

.00 

.16 

.00 

.27 

.00 

.12 

.00 

.01 
Random effect  Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
N 

524.53  
17.11 
2.87
2,147 

102.40 (55) 
 39.67(28) 

 

 
.00 
.07 

 

581.53 
39.35 
6.24 

2,140 

 
145.02 (55) 
41.23(28) 

  

 
.00 
.05 
  

Note: GMRT is Gates-MacGinitie Reading Tests. 
aThe coefficient, standard error and p value for this contrast were obtained by changing the reference group from Tertile 3 to Tertile 2 in the multilevel model. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher ba
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 

ckground questionnaire 

 

 

 



 

156 

Table E4.4 Sensitivity Analysis 1: Exploratory Impact Results on Reading Achievement (Research Questions 3 and 4) 

Fixed effect 

GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Coefficient 
Standard 

error p value Coefficient 
Standard 

error p value 
Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Pretest 
Motivation to read Tertile 1: Lowest tertile (vs. highest tertile) 
Motivation to read Tertile 1 *Thinking Reader 
Motivation to read Tertile 2: Middle tertile (vs. highest tertile) 
Motivation to read Tertile 2 *Thinking Reader 
Motivation to read Tertile 1: Lowest tertile (vs. middle tertile)a 
Motivation to read Tertile 1 *Thinking Readera 

517.01 
 

–5.20 
–4.79 
–6.47 

 
–1.12 
2.19 
6.44 
0.29 

 
–7.93 
–3.78 
0.80 
–2.58 
–1.10 
–0.90 
1.01 
–1.68 
–2.11 

0.64
   

1.31
1.61
1.56

   
1.23
2.19
3.20
1.75

   
1.69
1.55
0.01
1.07
2.14
1.02
2.04
1.04
2.11

 .00 

 .00 
 .01 
 .00 

 .36 
 .32 
 .05 
 .87 

 .00 
 .02 
 .00 
 .02 
 .61 
 .37 
 .62 
 .11 
 .32 

506.62 

–5.54 
–3.02 
–5.09 

0.80 
–1.31 
2.20 
–2.13 

–7.28 
–0.84 
0.70 
–3.57 
–1.94 
–0.17 
–1.76 
–3.41 
–0.18 

0.84
 

1.72
2.14
2.07

 
1.64
2.91
4.26
2.32

 
2.00
1.82
0.02
1.26
2.51
1.19
2.39
1.22
2.48

 .00 
 

 .00 
 .17 
 .02 

 
 .63 
 .65 
 .61 
 .36 

 
 .00 
 .65 
 .00 
 .01 
 .44 
 .89 
 .46 
 .01 
 .94 

Random effect  Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
N 

367.12  
13.67 
0.4

2,135 

111.03(55)
 33.58(28) 

  

 
 .00 

.22 
  

499.63 
30.9 
0.88 
2,129 

 
135.77(55)
35.52(28) 

  

 
 .00 

.16 
  

Note: GMRT is Gates-MacGinitie Reading Tests. 
aThe coefficient, standard error and p value for this contrast were obtained by changing the reference group from Tertile 3 to Tertile 2 in the multilevel model. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher backgro
questionnaire administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 
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E5. Sensitivity Analysis 2: Exploratory Impact Results Using the Gates-MacGinitie 
Reading Tests Norming Distribution of Extended Scale Scores 

The second sensitivity analysis defined the tertiles using the norming distribution of the extended 
scale scores on the Gates-MacGinitie Reading Tests (GMRT) as external benchmarks.49 To 
derive the cut points, we used information presented in Tables E5.1 and E5.2. Table E5.1 shows 
the correspondence between z-scores, normal curve equivalent (NCE) scores, and cumulative 
percentages in a normal distribution. Table E5.2 shows the equivalent NCE scores for the 
different extended scale scores of the Grade 6 GMRT.50 From data in Table E5.1, we 
approximated the NCE scores that corresponded to the 33 and 66 cumulative percentages (the 
first and second tertiles), which are 40 and 60, respectively. From Table E5.2, we identified the 
GMRT extended scale scores that corresponded to the NCE scores of 40 and 60. These scale 
scores are 496 and 531 for reading vocabulary and 498 and 534 for reading comprehension.  

We used these new cut points to define the tertiles and rerun Exploratory Research Questions 1 
and 2.51 Table E5.3 presents the distribution of the tertiles for the second sensitivity analysis. Per 
Table E5.3, using the external benchmark to define the tertiles’ cut points generated subgroups 
with unbalanced samples. The first subgroup, which includes students with the lowest baseline 
achievement scores, represents 47% and 49% of the study sample of students with baseline 
reading vocabulary and comprehension scores, respectively. The proportion of students in the 
second tertile is 37%, and in the third tertile, 16% and 14% for reading vocabulary and 
comprehension, respectively. These numbers indicate that the study sample has a larger 
proportion of students with lower scores relative to the sample used by the GMRT to develop 
their scores. 

Table E5.4 presents results for Exploratory Research Questions 1 and 2 based on the new tertiles. 
Finally, all of the different cut points used to define the subgroups of students are illustrated in 
Tables E5.5 and E.5.6. 

49 The fourth edition of the GMRT used a sample of 37,000 students for evaluation of all test questions. The field 

testing was carried out in fall 1997, and the schools selected for participation represented all regions of the country, 

large and small school districts, and public and non-public schools. For more details about the characteristics of the 

sample used by this test, see MacGinitie, MacGinitie, Maria and Dreyer (2002). 

50 This table was extracted from page 54 of MacGinitie, MacGinitie, Maria, Dreyer, and Hughes (2007). 

51 For reading vocabulary, the first subgroup includes students with pretest scores below or equal to 496, the second

group contains students with scores above 496 but less than or equal to 531, and the third group includes students 

with pretest scores above 531. For reading comprehension, the first subgroup includes students with pretest scores

less than or equal to 498, the second group includes students with scores above 498 but less than or equal to 534, 

and the third group includes students with pretest scores above 534.
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Table E5.1 Z-Scores, Cumulative Percentages and Normal Curve Equivalent Scores 
Z-score Cumulative percent Normal curve equivalents 

–2.00
–1.00
–0.50
–0.45
–0.43
0.00
0.43
0.45
0.50
1.00
2.00

–2.00

 2% 
 16% 
 30.9% 
 32.6% 
 33.4% 
 50.0% 
 66.6% 
 67.4% 
 69.1% 
 84% 
 98% 
 2% 

7.9 
28.9 
39.5 
40.5 
40.9 
50.0 
59.1 
59.5 
60.5 
71.1 
92.1 
7.9 

Note: NCE is defined as (approximately) 50 + 21.06z where "z" is the standard score.

Source: Crocker and Algina (1986).


Table E5.2 Gates-MacGinitie Reading Tests Scores Form S: Normal Curve Equivalent and Extended Scale Scores 
GMRT: Reading vocabulary GMRT: Reading comprehension 

Normal curve equivalents Extended scale scores Normal curve equivalents Extended scale scores 
1 
1 
1 
1 
1 
1 
1 
7 

10 
13 
17 
19 
23 
25 
28 
30 
32 
34 
37 
39 

354 
373 
389 
401 
412 
423 
433 
440 
447 
453 
458 
463 
468 
472 
476 
479 
483 
486 
490 
493 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
7 
10 
13 
15 
19 
20 
22 
24 
26 

353 
364 
375 
386 
396 
406 
413 
420 
426 
432 
437 
442 
447 
451 
456 
460 
464 
467 
471 
475 

40 496 28 478 
42 
44 
47 
48 
51 

500 30 
503 33 
507 34 
510 36 
514 38 

481 
485 
488 
491 
494 

52 517 41 498 
54 
56 
58 

520 42 500 
524 44 503 
527 45 506 

60 531 47 509 
61 534 48 512 
64 538 51 516 
66 542 52 519 
68 546 54 522 
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GMRT: Reading vocabulary GMRT: Reading comprehension 
Normal curve equivalents Extended scale scores Normal curve equivalents Extended scale scores 

70 
72 

550 
554 

56 
58 

526 
530 

75 559 60 534 
77 
80 
83 
87 
90 
93 
99 
99 

564 
569 
575 
582 
590 
600 
619 
653 

68 
65 
68 
70 
74 
78 
83 
87 
93 
99 
99 

538 
543 
547 
553 
559 
566 
574 
583 
594 
617 
652 

Note: GMRT is Gates-MacGinitie Reading Tests. The boxes outline the NCE scores that correspond to the 33 and 66 cumulative percentages. 
Source: Gates-MacGinitie Reading Tests Manual for Scoring and Interpretation 

Table E5.3 Sensitivity Analysis 2: Reading Achievement Pretest Scores, by Baseline Achievement Subgroups 
Generated on the Basis of Gates-MacGinitie Reading Tests Norming Distribution of Extended Scale Scores 

Standard 
Baseline achievement tertiles N Percent Mean deviation Minimum Maximum 
Reading Vocabulary 

Subgroup 1 1,121 46.94 474.69 19.10 367 496 
Subgroup 2 876 36.68 513.65 9.38 500 531 
Subgroup 3 391 16.37 555.17 21.07 534 653 

Reading Comprehension 
Subgroup 1 1,161 48.62 474.82 18.14 396 498 
Subgroup 2 891 37.31 515.09 10.33 500 534 
Subgroup 3 336 14.07 554.50 16.90 538 652 

Source: Gates-MacGinitie Reading Tests vocabulary and comprehension subtests administered by study team. 
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Table E5.4 Sensitivity Analysis 2: Exploratory Impact Results on Reading Achievement (Research Questions 1 and 2) 
GMRT: Vocabulary subtest GMRT: Comprehension subtest 

Standard Standard 
error p value Fixed effect Coefficient error p value Coefficient 

Intercept 
School-level covariates 

More than 74% of enrollment eligible for free or reduced-price lunch 
Mid-sized: Enrollment 440–575 (vs. less than 440) 
Large-sized: Enrollment greater than 575 (vs. less than 440) 

Teacher-level covariates 
Thinking Reader 
Years of experience 4–20 (vs. more than 20) 
Years of experience less than 4 (vs. more than 20) 
Master's degree or higher (vs. bachelor’s) 

Student-level covariates 
Individualized education program (vs. non-individualized education program) 
English language learner (vs. non-English language learner) 
Tertile 1: Lowest achievement tertile (vs. highest tertile) 
Tertile 1 *Thinking Reader 
Tertile 2: Middle achievement tertile (vs. highest tertile) 
Tertile 2 *Thinking Reader 
Tertile 1: Lowest achievement tertile (vs. middle tertile)a 

aTertile 1 *Thinking Reader  

516.74 
  

–8.18 
–2.95 
–6.28 

  
–1.61 
0.54 
2.86 
–0.81 

  
–13.87 
–9.52 

–63.93 
4.54 

–34.53 
1.19 

–29.23 
3.75 

0.77 

1.57 
1.96 
1.91 

1.36 
2.43 
3.54 
1.94 

1.90 
1.76 
1.44 
2.77 
1.39 
2.76 
1.10 
2.18 

.00 
 

.00 

.14 

.00 
 

.24 

.82 

.42 

.68 
 

.00 

.00 

.00 

.10 

.00 

.67 

.00 

.09 

506.49 
 

–7.73 
–3.97 
–5.59 

 
0.45 

–0.41 
1.97 

–2.41 
 

–12.39 
–4.30 
–55.10 
–4.45 
–29.12 
–3.72 
–25.82 
–0.95 

1.07 
 

2.16 
2.71 
2.65 

 
1.87 
3.31 
4.85 
2.64 

 
2.14 
1.97 
1.67 
3.23 
1.62 
3.19 
1.21 
2.40 

.00 
 

.00 

.16 

.04 
 

.81 

.90 

.69 

.37 
 

.00 

.03 

.00 

.17 

.00 

.24 

.00 

.69 
Random effect  Variance χ2(df) p value Variance χ2(df) p value 
Level 1  
Level 2 
Level 3 
N 

481.41 
15.60 
3.34 
2,156 

  
101.98 (55) 
42.05 (28) 

  

.00 

.04 

588.68 
43.42 
7.40 

2,149 

  
149.47 (55) 
43.81 (28) 

  

.00 

.03 
  

Note: GMRT is Gates-MacGinitie Reading Tests. 
aThe coefficient, standard error and p value for this contrast were obtained by changing the reference group from Tertile 3 to Tertile 2 in the multilevel model. 
Source: Connecticut Department of Education (n.d. c); Massachusetts Department of Education (n.d. b); Rhode Island Department of Education (n.d. b); teacher background questionnaire 
administered by study team; student rosters completed by study teachers; GMRT vocabulary and comprehension subtests administered by study team. 



Table E5.5 Distribution of Gates-MacGinitie Reading Tests Reading Vocabulary Pretest Scores 
Reading vocabulary baseline Number Percent Cumulative percent 

367& 401 7 0.29 0.41 
412 & 415 16 0.67 1.08 
423 & 426 13 0.54 1.62 
433& 436 21 0.88 2.5 
440 & 443 25 1.04 3.54 

447 27 1.13 4.56 
450 4 0.17 4.73 

453 & 456 45 1.88 6.61 
458 & 461 50 2.09 8.7 
463 & 466 74 3.1 11.8 

468 72 3.02 14.82 
472 & 474 84 3.52 18.34 
476 & 478 82 3.43 21.77 

479 96 4.02 25.8 
483 98 4.1 29.9 Upper bound Tertile 1, Sensitivity A. 1 
486 94 3.94 33.84 Upper bound Tertile 1 
490 103 4.31 38.15 
493 95 3.98 42.13 
496 115 4.82 46.94 Upper bound Tertile 1, Sensitivity A. 2 
500 99 4.15 51.09 
503 95 3.98 55.07 
507 104 4.36 59.42 
510 115 4.82 64.24 Upper bound Tertile 2, Sensitivity A. 1 
514 96 4.02 68.26 Upper bound Tertile 2 
517 94 3.94 72.19 
520 84 3.52 75.71 
524 57 2.39 78.1 
527 71 2.97 81.07 
531 61 2.55 83.63 Upper bound Tertile 2, Sensitivity A. 2 
534 59 2.47 86.1 
538 50 2.09 88.19 
542 38 1.59 89.78 
546 41 1.72 91.5 
550 36 1.51 93.01 
554 26 1.09 94.1 
559 26 1.09 95.18 
564 20 0.84 96.02 
569 24 1.01 97.03 
575 16 0.67 97.7 
582 15 0.63 98.32 
590 16 0.67 98.99 
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Reading vocabulary baseline Number Percent Cumulative percent 
600 15 0.63 99.62 

619 & 653 9 0.37 99.99 
N 2,388 

Source: Gates-MacGinitie Reading Tests Manual for Scoring and Interpretation. 

Table E5.6 Distribution of Gates-MacGinitie Reading Tests Reading Comprehension Pretest Scores 
Reading comprehension baseline Number Percent Cumulative percent 

396 & 402 3 0.12 0.13 
406 4 0.17 0.29 

413 & 420 4 0.16 0.46 
426 & 428 8 0.33 0.8 

432 20 0.84 1.63 
437 8 0.34 1.97 
442 31 1.3 3.27 
447 28 1.17 4.44 
451 47 1.97 6.41 
456 49 2.05 8.46 

460 & 461 59 2.47 10.93 
464 67 2.81 13.74 

467 & 469 57 2.39 16.12 
471 70 2.93 19.05 
473 3 0.13 19.18 
475 75 3.14 22.32 

478 & 480 79 3.31 25.63 
481 & 483 92 3.85 29.48 
485 & 487 80 3.35 32.83 Upper bound Tertile 1, Sensitivity A. 1 

488 95 3.98 36.81 Upper bound Tertile 1 
491 86 3.6 40.41 
494 101 4.23 44.64 
498 95 3.98 48.62 Upper bound Tertile 1, Sensitivity A. 2 
500 91 3.81 52.43 
503 80 3.35 55.78 
506 89 3.73 59.51 
509 91 3.81 63.32 Upper bound Tertile 2, Sensitivity A. 1 
512 92 3.85 67.17 Upper bound Tertile 2 
516 66 2.76 69.93 
519 87 3.64 73.58 
522 96 4.02 77.6 
526 68 2.85 80.44 
530 73 3.06 83.5 
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Reading comprehension baseline Number Percent Cumulative percent 
534 58 2.43 85.93 Upper bound Tertile 2, Sensitivity A. 2 
538 66 2.76 88.69 
543 50 2.09 90.79 
547 44 1.84 92.63 
553 53 2.22 94.85 
559 45 1.88 96.73 
566 31 1.3 98.03 
574 17 0.71 98.74 
583 17 0.71 99.46 
594 8 0.34 99.79 

617 & 652 5 0.21 100 
N 2,388 

Source: Gates-MacGinitie Reading Tests Manual for Scoring and Interpretation. 
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